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NOTICE. 



It is proposed in these " BecoxxU " firom time to time to 
publish afioomifeB of reaeiirchai eunid on «t the Sohool of 
ISmsB, and during tiie ooone of the Geologieal Sorvey of the 
Umted Kingdom. To these will be added occafiional notices 
of sach diaooveriflB and rooottrehes in Foreign Countiies m 
may be considerad important to the progress of the British 
Arts and Manufactures illustrated in the Museum of Practical 
Geology. 

H. T. Db Bicm 
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Ikaiigurd Diteoum, ddivered at the Opening of ik^ Sdiool of 

Mines and of Science applkd to the Artt^ 
6^ November 1851. 

By Sir Hekby T. De la Bechb, C.B., F.R.S.» &c. 



Ws are this day assembled to inaugurute a system of instmo* 
tion new to our oountiy; one which does not interfere with 
eidsting institutions, — on the contraiy, it may be considered as 
assisting several, inasmudi as while it provides for a want which 
they do not supply, it refers to knowledge which th^ teach. 

That this establishment should be means of affording 
instruction in a particular direction, — ^an instruction tending 
more especially to illustrate the application of Geology, and ^ 
its associated sciences, to the useful puiposes of life, was eai-ly 
decided. In 1839, four years after the first collections wcro 
made for the Museum of Practical Gcolog}', the sancli(jn of the 
Treasury' was given to Icctnrcb having that application for their 
object. The system of instruction we ronuiK uce this day is, 
therefore, not founded on any new ^ie^y, twelve years liaviiig 
elapsed since lectures of a similar general character were autho- 
rized. Tliat these lectures have not been given has arisen from 
the want of a i)ro])er theatre in which to deliver them, and from 
the absence of other appliances not, until now, at our command. 

Referring thus to the early condition of this establishment, a 
few words on its origin may, perhaps, not be altogether out of 
plaoe. It was while (in 1835) conducting the Geological 
Surv^, then in progress, under the Ordnance, in Cornwall, that 
bdng forcibly impressed that this smTey presented an oppor- 
tunity, not likely to recur, of illustrating the useful applications 
of Geology, I ventured to suggest to Mr. Spring Rice (now 

B 
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Lord Monteagle), then. Chanceflor of the Ezdiequer, that a 
collection should be formed, and placed under the charge of the 
Office of Works, " containing specimens of the various mineral 
6ul>~tanees used for roads, in constructing public works mi Imild- 
ings, enij "loved tor u.seful pur7»o>es, or from which useful metals 
were extracted, and that it ^jhould ])e arranired with everv re- 
ference U) instruction a.s, by the adoption of this course, "a 
large amount of information \\ liich was scattered might be con- 
densed, and thofie interested be enabled to judge how far onr 
known mineral wealth might be rendered available for any un- 
dertakiiig they are required to direct, or may be aaxious to 
promote* for the good or ornament of their oonntiy." 

The proposal was fayourably reoeiTedt and its object elfectoaUy 
supported by Sir Francis Baring (then Secretaiyof die Treasmy), 
the late Lord Bessborough (at that time Chief Commissioner 
of Woods and Works), and by Mr. Trenham W. Philipps, the 
present Secretary of the Office of Works; from the latter 
most material aid has always been received during the varions 
changes of administration which have taken place during the 
la'jt sixtf^en years. From the statesmen of the different govern- 
ments who have had this establishment under their considera- 
tion since its coninioTK rn iit, we have, without exception, 
received all kin<lne.» and eiK nnragemcnt. As he has passed 
away from among us, it may Ik* j)ermitted m>\ \vithf)ut fear of 
a misconstruction of motives, to refer to the late inniented Sir 
Robeit Peel, as one of those to whom we have been most 
materially indebted for our progress. He ever eacpressed a 
warm interest in our advance, was one of our frequent visitors, 
and not only by words, but by acts, proved the real interest he 
took in our success. 

As soon as a locality was found for the deposit of speeimens'^y 
presents poured in in abundance, and our Cornish mining 
friends especially may bo said, one and a]],'*t to have assisted 
us. The collections, including models of mines and mining 
machinery, accumulated rapidly. A laboratory, to be alike 



• In a liousi? bclunging to the Crown, in Craig's Court, Charing Cross, 
f ihe Coruiflh motto. 
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nsefbl to the public and the govenunent departmeiLiii was added, 
and a chemist, w^o vnB also the curator*, v/ss appointed. The 

collections continue*! to augment by the exertions of the Geo- 
logical Sun'ey, and by i)rebcnts, so tliat iliere was not sufficient 
space for them in the huu:5e firet assigned for tlieir rccei)tion. 
An iKijimiing Iiouse, at that time the Enrl Miirshal s Ottico, was 
ad<lcd to it. Tins even became insufficient, and a part of the 
collrrtions was established elsewhere. f Finally, the necessity 
of pro}>er accommodation became so pressing, especially after 
1845, whea the Greologieal Survey and the Museum of Pr acti- 
cal Geology were placed under the same d^artment |, that— • 
a fitting opportunitj occurring — the building in which we are 
no V nssembled was erected. 

We propose to instruct by means of our coIlections» ovur 
laboratories, our mining record office, our lectures, and die 
Geological Surrey ; — ^dius teedung as well in fihe field as in 
ibk building, and so that the pupib can become practically 
acquainted with mining in our various mineral districts, be 
able to study geology, and those of its applications requiring it, 
on the ground itself, and so unite, in a manner not hitherto 
attempted, and yet in one for which era* opportunities amply 
provide, a sound combination of science and practice ; a com- 
bination also kept steadily in \ir\v in our laboratories, and in all 
branches of the instruction upon which it is now purposed to 
enter. 

It may, in the first place, be dcsii al^le to call your attention 
to the objects proposed by our collections. They are not 
intended to be mere assemblages of specimens, striking either 
for their brilliancy, colour, or form. In whatever department 
they may be found they are intended to be instructive with 
reference to the especial object proposed in that department, 
and to be employed in illustration of the teaching by lectures 



• The late Mr. Richard PhiUiiM, F.B.S. 

t In Whitehall Yard. 

J The Cliiet' CumiuissiuncT of Woods, Worka, &c,, at that time the Earl 
of Lincoln (tho present Duke of Newcastle). 
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or otlior means adopted by tliose in cliarge of the difforont 
departments confided to them. The collections are an'anged 
for this purpose, and so, also, that the general public, who 
have free admission to them during the first three days of 
the week, may readily undei'stand them, by means of succinct 
treatises on each subject, to be had separately, and at small 
cost. In them the reason for the presence of the Yarious 
specimens will be assigned, and it is dius hoped that much 
useful and valuable information may be afforded. 

Let me, in the first place, briefly call your attention to die 
specimens of the stones applicable to arcldtecture and engineer- 
ing. This collection is based on one formed during the 
iuTCstigation undertaken in search of the best stone to be 
employed in the New Houses of Parliament, or the New 
Pal;. '(» at Westminster, as tl:e building is often termed. It had 
becrnnc* evident tliat more care than liad hitherto been taken 
witli regaid to the stone eniplo)XHl in our public edifices was 
needed, and that public buildings should net be constructed of 
materials m little capable of resisting atmospheric influences 
that they readily give way before tlieni, their external en- 
richments being in some cases defaced even in a few years. 
We possessed an :djuiidance of difieient building stones, the 
durability of which could be seen in various structures in 
different pai'ts of the country, tlie quarries themse]\ e.s could be 
studied for their capability of supply, and the cost of the transport 
of the stone fui nished by them in difiTerent directions could be 
ascertained. The results of this inyestigalion ivill be found in 
the report on the subject presented to Parliament in 1839, and 
our cases contain the collection then formed. Since that time 
all diligence has been employed to add to it, care being taken to 
obtain the information needed; and every specimen has an 
inscription upon it, shoiving the edifices wherein the stone 
has been used, so that the architect can, at a glance, see its 
general chnracter, and at tlie same linie learn where to study 
the effects of tlio a'unosi)lierc u]>on it. A few of our building 
stones have been enijiloyed in illustration of their cajjaljility for 
Statuary ; thus, cxcciicnt copies will be found of the I'aincse 
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TTorcules in Portland stone, of the Giustmiani Minerva in 
Huddlestone dolomite, and of a bust of Antinous, as Bacchus, in 
Anston dolomite.* 

It may, in passing, be of interest to observe tiiat die Normans 
seem generally to bave been very careful in their selection of 
the stone employed in the erection of their different edifices in 
this country, as is especially shown in those to which additions 
have afterwards been made, where we find that they had 
selected stone, even from comparatively considerable distances, 
which their successoi-s neglected, employing a fur less durable 
substance nc>ai er the veiy edifice in wliich the good qualities of 
the material used by the Normans were abundantly n]iparcnt. 

The lower hall, likewise, proves that as regards ornamental 
marble-^, spvpr>j-,tiiic^, porpliyrics, and granites, our land furnishes 
an ample supply, and that they are alike remarkable for their 
beauty and the facility with which they can be procured. It 
will be observed that they have been, when practicable, arranged 
so as to produce an ardutectural effect, thus enabling the archi- 
tect, and those requiring his aid, to judge of their general 
appearance, and their application to the purposes thought 
desirable. 

Still, confining our attention to the mineral substances 
employed by the architect or engineer, the next valuable 
assemblage of ol)jects embraces the various baked materials 
which man for so many ages has used for the structures raised 
by him. This series will be fomid not wanting in value, and it 
will be our endeavour to render it instructive. The Jermyn- 
street front of this buiMiug, constructed with Suffolk brick and 



* Reference woa made to specimens of different kinds on the tabl^ as 
iliustrating the subject. It was briefly pointed out that building stones 
might be convciticntly dividcil into, fir^t, those cut by the tOol, SiK^ns the 
various kinds of linic-tonc and marblo ; nnd pornndly, those ponndrr^ by 
the tool, sinch n«! a ,L:i\'at vnr'cty rif sandstoiu'.-, i)arphjrric.«<, grar.itcs, aud the 
like. Attentioii was called, umoug the ioruier class, to the Anstou stone, 
or dolomite (n componnd of carbonate of lime and coi'bonate of magnesia) 
employed in the new Houses of Porliitment, a stone similar to' that used in 
the Norman front of Southwell church, in Nottinghamshire^ the tool mai4» 
on which are nearl/ as fresh as when it was first erected. 
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Anston dolomite* is intended ia iliustrate the intennixtiiie of 
two valuable materials^ — tihe one natural, tlie other artificial ; 

and it wOl, at some future time, be interesting to obeerre llie 

relative resistance presented by each to atmospheric influences. 

Our ceramic collection is extensive, and, of its kind, unique. 
Hspocial reference is nuide in it to the materials and forms 
employed in the ceramic manufactures of this country from 
early times. The StalluKlshire series reaches as far back as 
1500, and is brouglit up to the })resent time, the last additimis 
being objects shown at the late Great Exhibition of the Industry 
of all Nations. Tliis series is based on a coUecdon made in 
Staffordshire hj Mr. Enoch \\^ood, than whom no one conld 
bo more capable ofsolocting the best illustratinTi^ of the})rogress 
of the Staffordshire Potteries. In the hall will have been 
obsonred a tesselatod pavement, designed after portions of those 
in a Roman villa, at Wooddiester, in Gloucestershire, and 
formed of compressed days, afterwards baked, by a patent 
process, a beautiful illustration of progress in this kind of 
manufacture.* The other English porcelains and earthenwares, 
such as those of Chelsea, Derby, Plymouth, Worcester, and 
Swansea, are also represented by carefiilly selected examj)les, so 
a.s to illustrate their history, the circumstances connected with the 
materials useil, and the fonns adopted. I may jxiint to the 
specimen showing the earliest transfer of jjrints to jiorcelain, l)y 
Dr. Wall, with the date of 1751. as exemplifyino: attention to 
the liislurv of this branch of iiHlnstrv ; \\liile. as vttu ^^ ill observe, 
another siKjcimen, — a Stailo] <]-liire onf, liowever. — >linws the 
present state of this kind of transfer. In the fust case only 
one colour was imprinted on tho porcelain; in the second 
numerous colours, forming a picture. 

The vitreous series will likewise be found one presenting 



• Water, as employed usually in ceramic nuumfftCtures, may l>o rc- 

gRH"(l n« a mere tool, by which the material is easily worki.tl. It has to 
be removed as much n,<? possible by evaporation, before the firing is etTected. 
The tessene alluded to iu tho text are made with materials nearly dry, with 
fioljSllflleieQt moisture to cohere when pressed. Thua they are very dense, 
bam the heavy preasiue to whidi they are subjected, and remnn m evea 
aflter baking. 
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much inter^t This also is arranged historically, and at the 
same timo with reference to luaterials, and mode of manufac- 
ture. In this series we have to pass through Venetian, Roman, 
Greek, Egyptian, and Ass}Tian glass for proper illustration. 
The collection has been found alike interesting to tlie.^assical 
student and the modem manufacturer. The analyses that 
have been already made of some of the glass are highly illus- 
trative in both respects* and these researches ivill be further 
prosecuted.* 

We nov reach the mining collectioDS. The metallic series is 
arranged so as to show the various ores of the difierent metals^ 
their mode <^ occurrence in the earth, the methods employed in 
theur extraction, and the means used for rendering th^ market- 
able. At this point the labours of the miner terminate, and those 
of the metallurgist conmience. These are also fully illustrated, 
and the qualities of the diftereut metals, either alone, or mingled 
lis alluys, in their ap])lic :iti<»ii lu ui is and manufactures carefully 
exhibited. In the departmeut of the ores it became needful 
to include not uiil} those from our colonies (attention to our 
colonial j>roducts being oiif of the objects of this institution), 
but also tlioso of many foreign lands, in ortler to accustom our 
miners to kinds and modifications of them, with which they are 
not familiar. Those who have during many years watched the 
progress of our mines will be fully aware how essential this may 
be to their effective progress. It is well kno\\ n that large suras 
of money have been from time to time lost from a want of this 
knowle^ge^ quantities of strange ores having been washed down 
rivers, or into the sea, before their value was known. A recent 
instance may illustrate this point Ores, regarded only as impor- 
tant for the cop|)er they contained, were raised on some property 
of the Duke of Argyll, in Scotland. After a time the works 
were abandoned, as the copper found in the ores was not 
suffictently abundant t(j [)ay for the cost of obtaining them, and 
much was thrown aside as not worth dressing. The Duke 



* For example, the Roman glass, found near Naples, seems to have a 

common character, and to be formed, as chief ingredients, of the pili< ;ites of 
lime and soda, the latter probably derived from the natron Jakes of i^pU 
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impmssed ^vith a cortnin character in the ores, brought speci- 
meiiii to this institution for analysis, when it was found that 
they contained 1 1 per cent, of nickel, a valuable metal, and, as 
you are aware, extensively employed at this time in different 
alloys, such as those known as German silver. (Jther portions 
ha VP been found still richer in this metal, and the ore thrown away 
and dispersed has been valued at from 30^. to M. jier ton. It 
may be added, that even after this or© was thus found to contain 
nickel, it was stated, from an assay dsew'here, not to afford this 
metal ; so little difEised is effectiye metallurgical knowledge in 
tiiis land.* 

BotH the composition of ores, and their mode of occurrence, 
mToWe questions of liigh scientific interest, bearing upon prac- 
tical applications of great importance. Let us for a moment 
regard ike accompanying diagram f, representing a proportional 
and sectional view of our earth, with the atmosphere, and a 
hundred miles beneath the surface of the sea ; of the matter 
rcallv at that depth we know nothing, but it is convenieiit, as 
showing that if we did possess that knowledge, the portion of 
the earth then known would be exceedingly small. As far as 
we are acquainted with the rocks upon the suTface of our 
spheroid, they ju-e formed of various oxides of tlitierent sub- 
starires, supposed simple. The excei)tions, as regards the general 
volume they occupy, are insignificant. In certain cracks, 
fissures, or other cavities in this mass of oxides, we find matter 
under other conditions, derived probably from beneath, and, as 
it wero, affording something of an insight into substances there 
more abundantly occurring. Tliero may be secondary conditions 
of the same substances, but still the inference remains that 
these fissures and otiher cavities may afibrd, by careful study, 
information in the direction mentioned, and it is important 
to remember that while the mean density of the surface of the 
earth is taken at S'6, that of the whole mass is inferred to be 



♦ Even within these few days a case has occurred in Devonshire where 
a field woll was eonstnictcd of p-my co|)i)er ore, and the breaking of a gate 
post led to a knowledge of tlic tact. This happened in a miaing district. 

I deferring to cue exhibited. 
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4*S9, pt)intiug to heavier matter in wauls, whatever views we 
may entertain of the diminutioii of density produced bj heat in 
the interior. 

At first sight the prrictical value of such an inquiry may 
appear very remote. It is, however, like nil investigations in 
high science, one which may ]>t»ar fruit if properly followed 
out. We have, in the lirat place, to couple it with the observed 
modes of occurrence of the ores of the metals in fissures and 
other cavities, and carefiillj study why it happens that given 
oonditions produce given results; as, for example, why it is 
that in Derbyshire,* where the same fissures traverse different 
rodcs, only certain of them have, as it were, permitted the accu- 
mulation of lead ores near tliem, while others, as a general fact, 
have repulsed them. Such facts are not new to the miner ; lie 
is fiuniUar, in di£ferent districts and lands, with the modifications 
and changes observed in the assemblages of ores of all kinds 
in contact with various rocks in the same range of fissures. 
The cause of these facts is an object of science, and already 
progress has been made ; \vhen found it becomes a guide of 
the highest importance to the practical miner. 

Our collections of the mode of occurrence? of the ores are 
very extensive, nm] great care is taken to make them effectively 
instructive. As to the methods of their extraction, models and 
dra%vings of various kinds show not only the ditlerent machines 
used for draining mines, but also the mode of raising the ores. 
Great attention is given to this subject. So also with respect to 
the dressmg of the ores, the like regard to proper illustration is 
paid. 

The metallurgical series contains examples as well of foreign 
as of our own methods of reducing the metals. Our cases are 
full of objects of interest in this department, as well as of illus- 
trations .of the uses of tJie metak, and of then- compoxmds or 
alloys in arts and tnanu&ctures, including an electrotype series 
of much interest The ductility of copper, as shown in the 
specimens on die table, and as formed into the elegant vessels 



* Poiatiiig to a dingram oa the walL 
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exhibited, will OliiBtn^te Ite nuuHMr in wHdi tins subject k 
treated, as will also the statuettas befoire you, fomied of broope 
composed of the alloy which our analyses haTe shown to be 
that most effective for easting figures, and which is^ at the same 

time, one that the Greeks and Romans seem to have adopted. 

Quitting the metalliferous series, we may mention that the 
methods uf Murking coal receive ample attention, due regard 
being had to that iniportaiiL object, the veiitihition of collieries, 
Indeed we endeavour to l>e its complete a.s jicsMbli in all things 
illustrative ot the ^^<)lkillL!^ of mines, of whatever kind ilicie 
may he, and are not neglectful of a variety of mineral j)roducts, 
such as rock salt, sulphur, alum, plumbago, and the like, which 
it would be out of i)lace further to notice. 

Our Tery important and valuable |>al8dont(d(^cal coUection 
should nevertheless be specified, since it may be regarded a9 
the most peifect of its kind : it is the joint result of the labours 
of the Geological Survey* and of a mass of presents, even o| 
whole private collections. Of the value of such collections it 
would be superfluous now to insist, since, as you are aware, all 
mming schools strive to possess them in as extended a form as 
possible; those who desire and support such sohools being fuUy 
sensible of their important bearing on geological investigationfl^ 
and consequently on the practieal applications of geology. Did 
time permit, it woidd be easy to show how many mistakes have 
been made, e.sj)ecially in seeking for coal, thousands having btx^n 
thrown awav in a vain search for that which a verv moderate 
acquaintance with pala)ontology would have prevented. 

Donations to our collections have been again mentioned. It 
may be liere ohserNt-d ihat tlie larger portion of them are com- 
posed of jiresent^, showing, as wc hoj)e, that the public are 
not dissatisfied with our endeavours to be useful. From the 
Great Exhibition alone the donations we have received must 
already have reached a value of not less than 3,000^, and these 
presents have not yet ceased. 

Passing over the series illustrating the formation of rocks ai 
different geological times, and of the changes which have taken 
place in them since their deposit, many of which have practical 
bearings, — as» for example, the roofing slates formed by the 
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action which has been termed cUavagCy and which so distin- 
guish themselves for durability from those obtained by the 
simple lamination of rocks, corresponding with the planes of 
their deposit, — we come to the INIiniiig Record Office. 

Tliis office was established in connexion with the Muse um of 
Practical Geology in 1840. It was so for tlie ])urpuse of 
collecting infonnation respecting tlie distribution and produce 
of our miiiefi^-^-and for pix)curing plans and sections not only of 
modem workings but also of abandoned mines, — the last espe^ 
daily important^ as being the means of saving life, or the 
erroneous ouday ef capital, by preventing new works from 
being carried on in wrong directions. It is but right to remark 
that we haye alwa>ys received hearty oo-operation from the 
mining interest in carrying ont the objects of this office. To 
illustrate the value of Uie plans and sections of abandoned 
mines, let us select from those on the wall before us a section 
of Wheal Alfred, Cornwall. It had been stated that the 
working of this mine, at one time a most prosperous one 
(having afforded a profit of 140,000/.), had ceased on account 
of Jiiucli water, which the engines of the time were suj)posed 
not equal to l aise. A conij^any was al){)ut to be fornie<l, when 
it was suggested that docnnieuts know n to be in our Record 
Office should l>e exanuiied. The section before you at once 
pointeil out, l)y the piiees of work entered upon it, that the 
mine ha<l been a))andoned for its poverty, the undertaking was 
in consecjuence dropped, and a large useless outlay of money 
avoided. The section is the preBent of Mr. John Taylor, to 
whom the Mining Record Office is most especially indebted for 
numerous and important documents of the like kind. 

From the aid also affi^rded by those interested we are^gra- 
dually acquiring more real information respecting the products 
of our mines than has been hitherto procured; a subject alike 
important for the miner and the public The copper ores 
raised have long been wdU ascertained, and the same may be 
said for the tin, even now that the tin coinage** of Cornwall 
and Devon has ceased. We have been enabled to produce lead 
returns during the last four years, of an accuracy not before 
known* We are now proceeding with the otkei uietals and 
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coal, and hopo, ut no distant date, to produce effectiyc returns 

of these also. 

The lal)orutorics, one for general clu iiiistry, the other for 
meUilhugy, and their bearing upon a School of Miiu^s an<l of 
Science applied to the Arts, may be said to spealv for them- 
selves ; their lusefulness and importance are evident. A special 
metallurgical laboratory has not been previously attached to any 
place of iiist ruction in the country. With regard to the work 
executed at these laboratories for the public service, we may 
point, as one of the la^t of our endeavours to be useful, to the 
inquiiy undertaken for the AdmiraKy as to the coals of this 
count^ best suited to tlie steam narf, ihree reports on which, 
completing the iuTestigation, have been presented to Parliar 
ment. It will be obvious that to obtain the greatest amount of 
locomotive power from the smallest volume of fuel, and to avoid 
the evolution of smoke, are points of no digbt importance for 
our steam navy. 

As it is contemplated lliat our students should avail them- 
selves of the Geological Sui-vey for field instruction, including 
actual nliIlinf,^ it may be desirable, perhaps, to call yom- atten- 
tion to certain of the maps and sections constructed by that 
survey, and now Ixfore you, inasmuch as, while they refer to 
geology as a science, they are at the same time available for its 
industrial ap])lieations. Thus yon will observe that all mineral 
veins and the outcrops of coal-beds are inserted on these maps, 
as well as the boundaries of the various rocks, and with the 
exactitude required. The sections, in like manner, show the 
mode of occurrence of the coal and ironstone beds in obtain 
districts, and of the mineral veins in others. 

A point of much interest^ both in its s i( ntific and practical 
bearing, is now engaging the attention of the Survey in central 
England, namely, tho probable depths and chances of obtaining 
coal beneath the red sandstones and marls ihero so abundant 
There is reason to consider that, notwithstanding the many 
difficulties wilh which the subject is surrounded, very consider- 
able advance has been made in this direction. 

That the applications of such a survey are not confined to 
mining, you need scarcely be remiiuled ; its aid to agricultuio 
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and engineering are oquall} iinportant. Our every-day's ex))c- 
riencc along coasts allows us kow needful it is that the engineer 
should, u-^ well as the geologist, study them. Let us, for example, 
consider this cove*, — there are hundreds such as it to be found 
on our coasts. The mode in which it is silted up is apparent to 
you, and yet many an artificial cotc has been constructed, at 
great cost and loss, which was as certain to be filled up by silt 
and sand as this has been and must be. No doubt there are 
conditions where the silting up may be so small as to be 
comparatiTely ummportant» but the probabiHiy of these con- 
ditions requires the study pointed out. While on tJus subject, let 
me also briefly call your attention to the silting up of estuaries. 
Hiose wlio are engaged on die Geological Surrey have often to 
consider it both with reference to die mode of deposit of certain 
rocks, and to the changes effected by it at the })resent day. The 
plan before you shows au estuary with the boundaries of high 
and low water, a spit of shingles riinning in front of part of 
the estuary, separating it from the .sea, and the comparatively 
narrow entrance for the intrres*^ and egress of the tide. The 
whole is the result of the ijaianee of certain conditions by which 
the ehannel from tlie sea to the estuary is kept clear, nnd 
vessels of a certain class can enter and depart. The body of 
water entering and passing out is important ; and yet what do 
we often find done, and done too by Act of Parliament ? The 
body of \A-ater entering, and consequendy passing out, is dimi- 
nished for the purpose of f^dUxmxng^ as it is termed, certain 
mud-banks^ often extensile ; diousands of tons of water are 
thus sometimes cut off from performing die work by which 
they aided in keeping the channel to die sea clear; the bottom 
of the channel rises, and the i)ort is damaged. No doubt the 
mudbenk may be converted into fertile land, but at what loss ! 
He natural causes for deteriorating estuary harbours are 
often bad enough, but why artificially strive to injure tlieni ? 
Other examples of the ajiplieation of geology to engineering 
and llie uselul purposes of life generally might be readily 



* Pointing to section on the wall. 
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nflduced ; these, however, may suffice to illustrate their im- 
portance. 

Although the raw mineral produce of Gieat Britain and 
Ireland is valued nt 24.000.0007. per annum, or about tour 
ninths of that of all Emope, including these islands (the coal 
estimated at the pit mouth* the iron in the pig, and so on), 
there existed until now no means in this coimtry for affording 
needful instruction to those who thus raise so great an amount 
of mineral matter, to be afterwards employed in affording oocu-^ 
pation to an additional and large port of our population ; all 
was left to dianee^ and the result is well known. Many 
who can afford it go to other knds to study in the mining 
schofds provided by tlieirgoTamments; some fight durough their 
diffieulties at home, beooming mluabie and usefiil men ; while the 
mass of our miners remain uninstrueted, except so &r as they 
can pick up praotieal inftirmation from eacli other in the mines, 
seldom being conversant but with such things as they can find in 
very limited tli.-^tricts, little awiire of what others may be doing 
in their own calling elsewhere. The diagram exhibited vn\{ 
shuw you the relative proportions of the annual mineral pi vKluce 
of the diiiereiit European comitries,''' in nc^arly all of which, 
exco))t Groat Britain, mining schools are ( stuhlished, those 
.'States being fully aware of tlie effective researches they promote, 
and the waste of money they prevent. Are our miners less 
desenring of attention than those of other lands, or are they sup- 
posed so dull and disinclined to knowledge as not to be capable of 
profiting, as well as the miners of other nations, by instruction I 
Lei those who thus belieYe visit our mining districts, espe* 



• TliU diagram represented the mincrftl produce of the difilrent 
European states hy proportional lines. This produce is usually estimated 
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cially such metalliferous, where the miner has so often to 

gain his daily bread by the exercise of his judgment, and they 
will si>ee<lily be undeceived. They will find men as able and 
wilUnGf to profit bv instruction as elsewhere in our land, ihey 
will -CI ]ii;iiiy with j)owerfiil minds "who have risen from amid 
all their ditiicidties, adding continually and greatly to our stock 
of practical knowledge, but who yet would evidently have 
aeoomplishfid fkr more, if, in their early day, they had possessed 
tihe advantage of starting with the knowledge of the time 
applicable to tlieir puranits. It is to be deplored tbat so much 
of the mass of important facts known to such men has been lost 
from the want of s system bj which it could have been preserred 
for dassifieation and use in further advance* Too much has 
perished mik the remarkable men who have from time to time 
appeared in our mineral districts. 

Seeing the largo proportion of the mineral weal^ of Eiuope 
furnished by the British Islands, it might, perhaps, be inferred 
from a superficial view of the subject, that a mining school, such 
as we propose opening this day, is useless. Very slight iuvt.^ti- 
gation will soon place this matter in ite true light. The natural 
advantages, especially as regards the mode of occurrence and 
abundance of coal and of iron, — the cheapnef^s and good quali- 
ties of which enable so many other industries to Hourish,— are 
great in our land ; iron and coal can be easily procured, worked, 
and retained for home use or exported, as may be thought 
advisable. These advantages are by no means possessed in like 
manner by other countries in Europe. Far from it ; indeed, in 
several it is only by a most careful application of scienoe and 
piactioe^ and by seiaing eveiy discovery that can be turned to 
aeoount, that profit can be eflfected. If the same indifference to 
general knowledge there existed as is permitted among us,the mi- 
neral produce of manyof these states would be greatly diminished, 
and in some cases the mining in certain districts might even, to a 
great extent, be suspended, until new discoveries in sdence might 
ooable successful operations to be carried on. For example, 
within the last three years, in Reichcnstcin, Silesia, certain mines, 
after remaining idle for five centuries, were, by a ne w method of 
Professor Plattner for obtaining gold from poor auriferous ores. 
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coAbled to be again worked for gold, and witb oonsidmble 
profit. 

Looking at our niincrul ])i <Kliice, the great and cliief mass is 
composed of our coal and iron. We raise the largest amount 
ot Ix'th among the nations of the world ; not that we possess 
the largest amount of coal in any land, — in this respect the 
United State- America far surpass m. The working of it, 
however, reniuiiis to be developed by tliem. The more need, 
therefore, that l)v skill on our part, and by not neglecting the 
application of knowledge which may bear upon it, we should 
not pennit our advantages to escape. As regards iiiei, what 
would man be without his power to produce and use fire ? 
Remove tliis power, and what happens ? How hr could be 
range towards the colder regions of the earth, either as regards 
elevation in the atmosphere, or towards the poles ? He must 
be a fire-making before he can be the cooking animal, which 
he is sometimes termed. Taken with iron, the great metal of 
civilization, his fire-making power is rendmd immensely ad- 
vantageous for his advance and well-being. Cheap heat and 
cheap iron are, therefore, among bis important wants. While 
this country po:5sesses the power to produce both, let not tlint 
power be wasted, — let science and jiractice be so combined, that 
the largest auiuunt of both may be secured, and the future 
be j-egarded as well as the present. 

Tiie amount of coal annually raised in Great Britain (com- 
paratively little is sujiplied by Ireland) is estimated at more 
than 35,0()(),()00 tons. It probably niiieh exceeds this amount; 
but taking that number of tons, 2,800,000 tons*^ being exported, 
32,^00.000 tons remain for household consumption, and for 
application to our various industries. London alone consumes 
nearly 3,500,000 tons of coal. No wonder we have a smoky 
metropolb. 

With regard to iron, Great Britain has made remarkable 
progress within the last century. In 1750, only 30,000 tons 
of that metal were raised in it. In 1850, S,$50,000 tons of 



• The quauiit/ of coals, culm, aud cinders exported iu 1849 waa 
2,827,979 tons. 
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iron were produced. It is somei^'hat difficult, by means of 
official retmns, to obtain the exact equivalent in tons of pig-iron 
exported^ but we find the Talue of the iron export in 1849» in- 
cluding pig and bar iron, iron wire, and various kinds of 
wrougbt iron, taken at 4,245,0492.* Iron, therefore, of many 
millions in value remains for our home consumption, applied in 
wious ways to our national industry. Tin should not be 
omitted as among our important Bi-idsli metals, seeing that it 
is raised to the amount of about 400,000/. annually ; neither 
should our copper be forgottt u, since tliat of Cornwall and 
Devon alone may be valued at nearly 900,000/, annually. With 
rcnrjird to copper and tin in that distrift, (British tin is alone 
found tlicro,) of the former it yiekls one-third, and of the latter 
nine-tenths; of the whole supply from the remainder of the British 
islands and all the other countries of Kuro|»e. As to tin, the 
quantity taken irmi Cornwall and Devon from the time of the 
Phoenicians must have been enormous, seeiug that until of late 
years it seems to have supplied nearly the whole of the Euro- 
pean demand. 

It has been mentioned that no institution existed, other than 
that we now propose to establish, in mdiich the instruction so 
beneficial to our miners could bo afforded. It, however, should 
not bo forgotten that Sir Charles Lemon, ever alive to the pro- 
gress and well-being of his native county, Cornwall, did, in 
18S8, establish at his own cost a mining school in it, being 
desirous of showing the importance of such an establishment, 
lie continued this school for two or three jears, and offered to 
place a considerable sum of money — 1 0,000/.— at the disposal of 
the county, if it would add tlie like sum, to found a proper school 
of mines in Cornwall. Circumstances at the time prevented this 
important object from beinff carried out. Tliero would, how- 
ever, appear to be a imiM-ment in tlint di>^triet in tlie direction 
of such a seliool. l.et us lioj)e that it will continue, and be 
productive of a fitting establishment of the kind. There are 
also indications of the like movements in other mineral districts. 



* This does not indnde Btesm engine machinery and mill work, th« 
fdiw of wUdi» exported in im, w given as 709^07U 

0 
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May the endeaTours of those who thus search to benefit our 
mining population by instruction be successiiil. The means of 
the ^eater numbers of that population will akme enaUe them 
to obtain instruotion when brought to their doors. Surely it 
would not be ow diffi«3ult» properly weigfauig all local oomdi- 
tions, to affiffd those who esEecute even the ordinaiy work teach* 
ing of an order which should be highly ben^cial to them. How 
many lives would be saved in onr collieries if but a fair range of 
information were afibrded to those who too oftra have the lives 
of so many of dieir fellow-workmen in dieir power. In the 
examinalions which have so frequently been instituted on the 
spot into the causes of explosions in our collieries, and in which 
I have liad but too often personally to take a part, how con- 
stantly the frightful truth is forced upon us that folly and fool- 
hardiness, founded on iL^ii ranee, have destroyed numl>ers, even 
to the auiuuiit of seventy and more, at one blast, and that every 
day hundre l- ( t those who labour for our comfort or our profit 
are at the mercy of io;norance. 

Let us hope that district instruction may soon commence, 
and that those who locally distinguish themselves by the ap- 
plication of their abilities may find in this institution, free of 
cost, the means of still further advancing themselves. Let op- 
portunity be afiforded to all for obtaining the knowledge whidh 
their course in life may require ; skut out none from the chance 
of beconung pre-eminent. The history of the greatest discove- 
ries teaches us, that it is not always by the ridi that mankind 
have been advanced. 

As far as may be in our power, we propose to eiqplain by 
evening lectures to Ike vrorking men of London, diose really 
engaged in business, and wkose good characters can be vouched 
for by their employers, such parts of our collections as may be 
thought to be usefully interesting to them. Some slight pay- 
ment may Iw retpiired, sufficient to prove thai those iittciidiug 
desire to do so. At the time when our collections aio open 
gratuitously to the public, the working man is usually engaged 
in his uccujtatinii ; and wt to him we have nmeh to show, — much 
that may be ini])ortant t(> him in his calling. We trust therefore 
to aid him and consequently the public for whom he i^bours* 
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bj endeaTOuring to convey instiizction of ihe kind mentioned ; 
an instruction which, as ftr sis it may extend, those probably 
who have carefully considered the bearings of the late great Ex- 
hibition will not fail to view as an advance in the right direction. 

In thus endeavouring to ])lace before you, in a short address, 
.s»>nie of the points wliicli it appeared desirable to notice, I have 
felt so iinich eFrdiarrassment from the abundanco of the riches 
at command, that in choosing subjects, many, perhaps, even 
of importance, may have been omitted. I pray you, therefore, 
carefully to examine the bearings of the subject by yourselves, 
feeling confident that you vnU come but to one condusion, the 
necessity of the institution we inaugurate this day. 

It will be the duty of my colleagues, charged with teaching 
the different branches of knowledge mentioned in our pro- 
gramme^ each to pcnnt out, in an introductory discourse^ the 
subjects which he may consider most worthy of attention in his 
science, whether viewed strictly as such, or in its application'fbr 
the use and well-being of man. 

It would be trespassing too far upon your time to occupy it 
with details and inferences which will be so much better laid 
before you by my colleagues. A few words, however, may 
not be out of ))lace as to the useful applications of science 
generally, since the name borne by this institution really refers 
to several. 

Gk»o]ogy, as now usually regarded, and as a whole, may 
be eonsidercd ns a grouj) of, at least, portions of difterent 
i)ranches of knowledge, added to researches peculiar to itself, 
rather than as alone forming a science so distinct as to require 
only minor aid from others ; this grouping, at the same time^ 
presenting a most definite character, so that geolog)' cannot 
be confounded with other branches of knowledge. In this, it 
may indeed, not very materiaUy differ from some of those^ 
once considered more sqiarable from each other than modem 
discoveries will permit us now to view them; the mutual 
relations of several differently named sciences having been found 
greater, as a more profound knowledge of them has been ob- 
tained. Geology is, nevertheless, one among them, requiring 
j^uch direct aid teom several sciences, as to stand out somewhat 

C 2 



Digitized by Google 



20 



INAUGURAL DISCOURSE OX THE 



proniinenfly, as is sliown by tlie dimton of labour wbicli bas, 

of late, so much occupied the attention of its cultivators. Thus 
we have seen it requiring, and obtaining, the assistance of the 
mathematician, the astrononici , the physicist, the mechanician, 
the chemist, the niineralogist, tlie zoologist, and the botanist. 

In ap]ilying such a branch of knowloflgo, it therefore, beromes 
important to view it as of a mixorl kind requirin/r rorix ^pnll^l- 
iiio: system of instrnction ; its a])plieations also requLi'ing teaching 
in given directions, so as to embrace the conditions arising from 
tbe applications themselves. Hence the instructioii proposed to 
be carried out at this institution is divided into Yarious heads, 
so as to have reference not only to the miner and manufacturer, 
but also to the agriculturist, the architect, and the engineer, 
and so that the subjects taught should also be viewed in con- 
nexion with those arts to which th^ may be applicable. 

In these days, when ocean steamers^ railways, and electric 
telegraphs are transporting man, or his thought, from r^on 
to region, with a certainty and despatch not deemed probable 
evei^ a few years since, and when a great Industrial Exhibition 
has just closed after a most brilliant career — an Exhibition 
which could not have existed without these and similar aids to 
the progress of mankind, it might appear superfluous to point 
to any applications, even those of the highest sciences, as con- 
tributing to the wcll-]x;ing of onr kind. We still, however, 
t*>o frequently hear of practical Ivr lowledge as if in a certain 
sense opposed to a scientific method of accounting for it> and 
as if experience, without that advantage, were more trnstwor- 
thy than the like experience with it. Such may not, certainly, 
be the actual ex[)ressions ; but the usual reasoning adopted, 
nevertheless, too frequently amounts to the same view. 

Let it not for a moment, however, be inferred that we do 
not regard practical knowledge as of the highest importance, 
even in cases where those possessing it may not also possess 
the power of satisfactorily analysing it. Facts brought to light 
by practice arc to general progress that which experiments 
are to experimental philosophy, — ^they have to be properly ex- 
plained by the best methods at command, after thi^ have been 
satisfactorily proved to be fiicts ; a matter of no slight impor- 
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tanro, seeing that so many tliin£r?=, iovmoc], nro not such, 
We only desire that all interested .sluniJcl liave the poNver to 
discriminato between sound and unsound so far as 

existing knowledge may be available, — taking rdl care not to 
neglect or depreciate the information afforded by those whose 
opportunities may not have sufficiently advanced their power 
to analyse and extend it. We should recoUect how rapidly the 
science of our time has increased among the most instructed, 
and with it the power of its extension and application in direc- 
tions not dreamt of by otu* fore&thers. As some reason, right 
or wrong, is sure to be assigned for every practice, it is most im- 
portant that those connected with it should possess the exbting 
knowledge upon which it rests. It becomes a national duty to 
assist in collecting that knowledge for them, especially when 
widely scattered. For the purposes contemplated at tids esta- 
blishment, facts, bearing upon tlie teaching ]>roposed, are to bo 
sought far and wide, among various other nations as well .as in 
our own. That there is an increasing feeling among those 
most interested, that successfully to ap])ly a scieuce recjuires 
both a knowledfro of that science and of the subject to which 
it is to be a])j>litMl, and that wherever there is a want for pro- 
moting the combined information it should be supplied, our 
every day experience shows. 

Those whose duties or inclinations take them among our 
industrial population can scarcely fail to obser\e how much 
the term practical is becoming appreciated in its true sense. 
Indeed, the difficulties which the instructed in that population 
have to contend with from the uninstructed can scarcely 
otherwise than lead to correct views on this head. It is the 
duty of all to assist in affording to those whose minds are alive to 
every application of knowledge the power to acquire that which 
they are desirous of applying, so that they may possess the 
means of analysing their practice successfully for general pro- 
gress and the public good. The more real knowledge is dilfuse<l, 
the more will effective practice be increased. Science and 
practice arc not antagonistic, they are mutual aids. The one 
advances with the other. Civilizatiou advances science, viewed 
in all its strictness and height; and science, by its applications. 
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adranoes dvilizatioiL Steadily bearing in miiid tliese tnithnj 
as we oonoeiTe them to be,— it will be our eamest endeaYOur 
at this institutioii to be useful, as fiir as our powers and alnlitiea 
may permit, in promoting ihe progress of those for whom our 
teaching has espedal reference ; trusting, at the same time, to 
supply a national want, and, by so doing, assist in admincing 
the general good of oxur countiy. 
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l%e Stui^ €f Ahttract Science e$aenlMl to ^ Progreet ef 

Industry. {Being the InJbroductory Lectvare to the Coume 
ef Chmakbry.) 

Bj Lton Flatfaib, CM^ F.R.& 



The raw material used by Industry for the production of useful 
objects doubtless forms the basis of manufactures, but possesses 
a fluctuating value in relation to that of the object into which 
it is converted. In the succe^.sful |)rosecution of manufac- 
tures, apart from the influence uf capital and labour, two 
elements are involved, each forming a factor which iu a 
competition of Industry may be made to assume very dif- 
ferent values. The first element is the raw material; the 
second, the skill and knowledge used in adapting it to the 
purposes for which it is designed. In America, cotton being 
indigenous, is cheap; and fnel, the other raw material em- 
ployed in its conversion to a textile fabric, is not expensive. 
In England, ihe same cotton is much dearer, but the fuel may 
be assumed to be equal in price. The competition between die 
two countries, in respect to calico, resolves itself into the necessily 
l]iat England* to overcome tbe disadvantage of the increased cost 
of raw material, must infuse a greater amount of skill and 
knowledge into the processes employed in its adaptation to useful 
purposes. England has succeeded in doing this; and, conse- ' 
queutly, the mills of Manchester may render improductive the 

I^aU» — Some years since, 1 gave % lecture^ never published, though a few 
eo|^ were priated for private eircnlatioii among mj itttdents, the saljeet 
being similar to Hob* A demand having been made for it by publishers, 

as expressive of a want now acknowkdged by manufacturer.H to exist, I 
have preferred taking this opportunity tr write a new lecture on the aame 
text, inoorporaiiog some of the passages ot tlm former lecture. 
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mills of Lowell. Bnt reverse tihe oonditioxis of the two eoim- 
tries, and a similar result attests the tnifli of the same principle. 
Sheffield produces steel, which is expiMrted in large quantity as a 
raw material to America. The history of that countiy has 
created a knowledj^ of the conditions required for the manu- 
facture of edge-tools. 'Ihv forests were not cleared, or the 
prairies converted iutu ;u al)lu land, without that observing nation 
iindcretamling the qualities and the requireiiiciits of tlie axe, the 
adze, and the spmle. The knowled^^e thus attaiued was apjiUed 
to the manufacture of etlge-tooLs ; and AuKM-ica returns to Eng- 
land its own steel, but under a new form, and ( inlu\\ ( si with an 
excellence, a temper, and a cheapness yet unattainud by our 
artisans. Without thiis application of greater skill it would 
have been impossible for America to have competed with the 
country producing the raw materiiil. 

A nation, if it combine ordinary intelligence with its local 
advantages of cheap raw material, may long preserve almost a 
monopoly in special manufactures, and will continue to do so^ 
either until the competing nation has risen so high above her in 
intelligence as to make this more than an equivalent for tlie 
local advantage of the other, or until a greater equalization in 
the price of the raw material renders a smaU amount of supe- 
riority in the intellectual element of sufficient importance to 
secure successful competition. 

But should any great transition of the world take jdaco 
by ^^hich local advantages were levelled, and the raw ma- 
terial confined to one counti-y beeaiue readily attainable by 
all at a slight difference in its cost, tlieu tlie competition in 
industry must become a competition in intellect; and the 
nation most quickly promoting the intellectual development 
• of its artisans must, by an inevitable la^^ of nature, advance ; 
whilst the country neglecting its industrial training must as 
inevitably recede. 

It requires no mental acumen to peroeive that we are rajadly 
approaching to, if we have not yet arrived at, this period of 
wonderful transition, when nations must speedily acquire the 
levels due to their difoent amounts of inteUectual develop- 
ment . 
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It is quite true that a superabundance of capital may a 
time preserve a country from a (juick depression, even should it 
lapse in its intellectual training ; but the supj>(>rt thus «riven 
can only be temj)orary and illuj^ory, for if, by the }»urcha6e of 
foi*ei<xn t;deiu, the necessary knowledge be infused into home 
manuiactures, this can only have the effeet '>f raisinj^ the 
intellectual element in the foreign countr)', and thus finally 
accelerate its success as a oompetiiig natioii. 

There never was a time when it was so necessary as now tliat 
skill and science should be united for the promotion of the 
industrial arts. At former periods of human history, local 
advantages or accidental combinations were the fbundatioos of a 
nation's prosperity. The time is not distant wlien it was thought 
that the possession of mineral fuel indicated a countiy as the 
natural manufactory of the necessaries of life employing 
machinery for their production; while the existence of large 
tracts of land, warmed by a genial sun, stamped another nation 
as essentially agricultural, and employed its population in the 
labours of the field. Each country fell into a routine of manu- 
factui-e ; and Italy and France prod.i 'I'd their silks and shawls,^ 
with as little thought of competition as Englauil it.s machinery 
and calicoes. 

Science in advancing has crcat^'d resources nnthought of 
before, an<l li;is removed the loc;!! barriers opposed to the 
progress of Indastry. ( omitries M ere no longer confined in 
their aspirations by smallness of territory, for this by the aid of 
science enlarged its powers. The country able in its agricul- 
tural poverty to support only a scanty and miserable popula- 
tion, eaqpanded itself for the reception of increased numbers as 
the produce of its land augmented* and thus knowledge, in the 
improvement of agriculture, won by a bloodless victory vast 
additional territory to aid in the industrial resources of the 
nation; for a land, witii a twofold increase in agricultural pro- 
duction, has, for all practical purposes, unfolded itself to twice its 
size. Science in its progress was improving and simplifying 
processes of manufoeture, while it was opening at the same time 
a communication between the nations of the earth. The amazing 
facilities of transport ailbrded by the introduction of steam 
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enabled a lesdy mterchmige of their natural rkltea; and mere 
adventitious local adviiiitages, apart from skQl and aoienoe in 
their adaptation, became of much less moment than they for- 
merly were. The proof of this is in iSbe fact, that the stiq[)le 
manufactures are now carried on in all parts of Europe, and Aat 
there is a constantly increasing and active competition of mc^t 
of the great nations in all the markets of the world. If England 
still continue in advance, it will not be from the abundance of 
her coal and iron, but because, uniting science with practice, 
she enables her discover] ( s in piulosophj to keep pace with 
her aptitude in a]>|>lyiiiir tlieoi. 

But is it true that England does act thus wisely ; and is it 
true that science does hold in this country its just position in 
public esteem, or that it is fostered sufficiently to make that 
progress which it is now doing in other lands ? To all such 
questions a negatiye reply must be given ; for beyond a theo- 
retical recognition of the importance of science in its relations 
to practice, and the establishment of Ihis museum and college 
•*-a veiy important measure, I admit— the state and the publie 
*1>n]y look to iSbe empirical result, and have not deemed it 
necessary to foster the knowledge producing it. But England 
is the only European state thus blind to its own interests, 
and not yet l^oroughly awakened to the importance of giving 
an intellectual training to those intrusted with its manufactures. 
I'liis is })roved by the large endowments given by foreign govern- 
ments for the support of institutions connected %\ith Industrial 
Science, and it finds expression in the writings of their thinking 
men. An equal ;ippi eeiali(»n of nil ]>arts of knoMledge," says 
Humboldt, " is an especial ri»(|uireuieMt of the present epoch, in 
which the material wealth and the increasing prosperity of nations 
are in a great measure based on a more enlightened em])loyment 
of natural products and forces. The most superficial glance at 
the present condition of European states shows, that those which 
linger in the race cannot hope to escape the partial diminution 
and perhaps the final annihilation of Iheir resources. Itiswith 
nations as with nature, which, according to a hapf^ ezpressianof 
Goethe, knows no pause in ever-increasing movement, develop- 
ment, and pfoduction— ^ curse still cleaving to ^d^'^'^g stiE 
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" Nothing but serious occupcation ^\^tll Chemistiy and natui-al 
and physical Science can defend a state from the consequences of 
comj)etition. Man can produce no effect upon nature, or appr<j- 
priate her [mwers, uuleisd he is conversant \vith her laws, and 
with theii' relations to material objectij accordinir to measure an*! 
numbers. And in this lies the power of p()j)uiar intelHgence, 
which rises or falls as it encourages or neglects this study. 
Science and iiifcnnation are the joy and justification of mankind. 
Thej form the springs of a nation's wealth, being often indeed 
substitutes for those material riches which nature has in many 
cases distributed with so partial a band. Those nations which 
remain behind in mannfiieturing aetirily, by neglecting the 
practical implications of the mechanical arts and of indnstrial 
Chemistiy.to the transmisskMi, growth,or manu&cture of raw ma- 
terials — those nations ainong whom respect for such actiirify does 
notperrade all. chisses— must inevitably fall from any prosperity 
they may have attained ; and this by so much tiie more certainly 
and speedily as neighbouring states, instinct with the j>ower of 
youthful renovation, in which Science and the arts of Industry 
operate or lend each other mutual assistance, are seen pressing 
forward in the race.** 

It is but the overflowings of science that thus enter into 
and animate industry'. In its study we arc never sure that 
the morrow may not gladclen the worM with an aj)j)lication 
of a principle to-day abstract, and apparently remote from 
practice. This is a truth above all things necessary to con- 
vert into a liring faith the minds of those who devote their 
lives to its praotical applications. Nothing is more erro- 
neous in tiieir case than to neglect tiie acquisition of abstract 
scientific truths because ihej appear remote from practice. I 
do not admit that it is even wise to address to oneself the ques^ 
tioa cm hem f Science is too loflly for measurement by the yard 
of utility ; — too inestimable for expression by a money standard. 
These grovelling ideas of the objects of science, which constantiy 
jar it in its intercourse with the world, ought to find no response 
in the breast of any devotee who would draw inspiration from 
its shrine. But whilst 1 protest against tiie indulgence of a 
mere, utilitarian appetite for science, I think it infinitely advan- 
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tageous to examine it in tta pnedcal rdations to life ; Imt it 
must not be foigotten, that though die olgect of mduatrial study 
is to idew science in its beneficent oreiflowings of kindnfias to 
man, these material benefits arise from the very fulness of its 
measure. If we revert back to the intellectaal wanderings of 
sdenoe in its search for trnth, it becomes surprising how soon 
it shook off the trammels of ignorance, ahd developed into a 
glorious liljcrty. Let us recollect how uiuch science has advanced 
within the last tliree centuries, and even her past history becomes 
more remarkable in its progress than the present. It is no 
mean task for intellect to leap over the barriers of iprnorance ; 
it is even more easy to go onward in new and initioddea 
paths. It was only at the end of the sixteenth century that the 
( 'ouncil of Sages at Salamanca negatived the idea of a western 
continent, by the ^\Titings of Lactantius. " Is there anyone so 
foolish," says he, as to believe that there are antijiodes with 
their feet opposite to ours ; people who walk %vith their heels 
u] I wards and their heads hanging down ? That there is a part 
of the world in which all things are topsy-turvy ; where the trees 
grow with their branches downwards* and where it rains» luub, 
and snows upwards ?" Do we not know that G>lttmbus was UM 
by the Sages, that were he to sneoeed in sailing down the rotun- 
dity of the earth its bulging out would prevent him ever sailing 
up again ; and do we not remember with what a stedfiwt £uth 
ill abstract tnith he saw beyond ** the region of the torrid zone, 
scorched by a blazin;>; sun, a region of fire, where the very 
waves which beat upon the sliores boiled under the intolerable 
forv(mr of the Iknivciis (" Recollect that these were the opinions 
of a time when the utmost un tional encouragement was given to 
intellectual projrress, and lliat it was not very many years after 
the death of Prince Henry of Portugal, who gave that glorious 
motto to i)rinces, ** the talent to do good." Recollect that this 
ignorance was manifested in the brightest time of the reign of 
the enlightened Isabella of Castile, and you will be surprised with 
mo that science has since that time achieved what it has. Had 
Columbus not investigated the abstract truths of cosmography, 
the western continent^ even with the advantage of the " astralabe,** 
discovered in his time, vironld perhaps for a cenliuy have re-* 
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maiiird unknown. It is easy to make an egg stand on its end 
when the way is shown how to do it. The applications of science 
are not difficult, but without the science there, are no applica- 
tions. The philosophy , of our times does not expend itself in 
furious discussions on mere scholastic trivialities, or unmeoning 
questions in theology. The scholastic learning of the middle 
ages vas muclt confined to ecclesiastics^ and it is not sur- 
prising to find both classical and theological literature engi aiting 
itself upon the science of the time, and forcing it into the dis- 
cussion of questions very foreign to its nature. It was a curious 
mixture of theology and science when the most learned men 
atptated themselves on subjects such as — the manner in which 
angels arc nourisliod ? — ^whether they usually speak Hebrew or 
Greek ? — what are the spiiits entrusted wiili the distribution (►f 
lightning and hail, and to whieh are confided the digestive 
])owers of animals ? — ^^ iiether Adam, beibre the Fall, Mas 
acquainted with the JLiber Sejite))tiarnm of Petrus Lombai'dus? 
The polemics of a })ast age do not represent the search after 
abstract truth of the present. Yet you are in no position even 
now to treat with derision the past errors of philosophy. The 
man who is on the moimtain complains of the fog obstructing 
his x'uiw, while the inhabitant of the plain speaks of it as a 
cloud capping the mountain. Both are right, but read the 
phenomenon differently from each other. Yet only he that 
was in the fog could rightly appreciate its darkness, or fully 
understand the force of the rising sun that dissipated its 
obscuri^. The progi-ess of knowledge, — ihe search after 
truth, — can scarcely be recognised in its sublimity by thoso 
who do not undeFstand the errors whicH had to be s\vept away 
before it could advance in an uninterrupted path. 

There are very few instances in the history of science of a 
sudden develo])inent of great discoveries, either ilknnincd from 
darkness by a flood of light from genius, or betrayed through 
some accidental and stray:irlin<r niy. The jirowfli of .scientific 
discovery is slow; it does not, like the prophet's gnnr<l, spring 
into full development in a single night, llie great discoveries 
of science leave behind them no boundar}' line of demarcation 
fi'om those which have preceded, but, like the full day succeeding 
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the dawning of the sun, follow that which folly foretold their . 
approach. The tolos<v>po and microscopf? did not ojien their 
wonders to an uiiexpectiiig and startled world, but crept into 
existence with steps so slow that their impression is not 
sufficient to trace out the history of their progress. The im- 
provements in the steam-engine were so gradual tiiat a court 
of law, only half a century since, gave a solemn judgment that 
Watt had done nothing essential towards them. The compass 
cannot point to us the period when it oflei-ed its inestimable 
services to man, nor has paper left a record of its discoverer. 
In fact» all great practical discoveries are ihe result of much 
study, the exponent of a long series of observations, and often 
arise out of those truths of science which appeared least 
promising on llieir first announcement Boyle knew tlutt he 
wrote an imperishable tmt3i when he titled Ids Essay " Man*8 
prreat io^orance of the uses of Natural TTiings ; or, that there is 
no one thing in Nature whereof the uses to lluiiiuii JJte are 
yet thoroughly understood." This truth of the seventeenth 
century is no less true in the nineteenth, the history of the 
intermediate? time havinjr !)• en, as Sir John ITerschel justly 
remarks, but one coinim i tnry on the text. The everyday 
progress of the arts abound^s in new applications of objects the 
most familiar. 

Practical, like abstract science, has no limits. The Romans 
thought themselves at the culminating point of civilization ; and 
tho Greeks, pluming themselves in their inventiveness, could 
not conceive that Ihe worid would ever take a higher flight. 
Even in our times, like opinions are entertained ; . because 
ignorance cannot see over the heights raised by modern science 
for a wider view of ciealaon. These conceited ideas of a nation 
or of an age have no foundation. Science may see an horizon 
bounding her view ; but as she proceeds onward the horizon 
constantly recedes, and shows the limit to be altogether illusory. 
In one time and generation a nation may, like Newton, pick 
up a few pebbles on the seashore, while the boundless ocean of 
science lies beyond, with all its vast and unexplored treasures. 

Empiricism has frequently been a substitute for science ; a 
lame and sluggish substitute, it is true, but nevertheless one 
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that ia the history of mind has had iniich of inflaenoe. 
Gunpowder was known before tlie condensed air of which it 
consists was recognized or understood ; and it succeeded in 
killinof man, without a knowled^^e that man himself is little 
more than air similarly condensed. Man used and succeeded in 
producing condenfied air in the form of food, without having the 
slightest oonoeptioii of the character of the air out of which this 
wondrous transformation was effected. Without a knowledge 
of atmospheric pressure, mills and pumps were formed. Glass 
was produced from the ashes of die fern, and china from 
kaolliif without a Imowledge of the principles iuTolved in their 
production. The length of the year was known, and the 
duration of the seasons es^lained, widiout the law of gntvitation 
hemg suspected. All ihis, it is true, arose without science, but 
required ages to grow into a stunted and feeble childhood ; 
while no sooner did science remove the trammels of ignorance, 
than a few short years produced a vigorous manhood. Ignorance 
may groj>e in darkness on the confines of an unexplored region, 
but to proceed steadily and securely onwards she must boriow 
the Ininp of science to jniide her. Newton, '"that glory to his 
species, ' its Chalmers calls him, did, by the exposition of the 
law of gravitation, produce more real practical benetits to 
industry than all the preceding agt«s of empiricism. Naviga- 
tion and Commerce sprang from his time into a state of 
dcTolopment formerly impossible ; and every nation and every 
human being enjoys from him, and to the end of time will 
enjoy, actual material benefits which an eternity of empiricism 
could not ha?e produced. The hard-won experience of two 
thousand years (rf the Chinese in regard to porcelain was given 
to the European by a few years applications of science. The 
improvements in postal communication, which allowed our 
kings to transmit a message to Edinburgh in five days, now 
enable us to send it in less time than their "post-haste 
messenger " could saddle his horse. But these, and other 
triumphs of mind over mere empirical experience, arose from 
a steady progre^ of abstract science, the practical applications 
appearing merely as offshoots. It is my chief object to show 
that abstract science u necessary to tku duvuiupmuul of 
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praedoe, and that it is above all things n o e caai y to make it a 
part of the edocatioa of a man who is to devote hiiB life to llie 
progress of indnstrj. There IS no Tem of scsenee too abstfact 

for future industrial application ; none yet thoroughly mined 
out and C'xliauste<l. Volumes mi<!rht Ik? filled with, illustrations 
of the ])ructical l>enefits ])n><luced by the ap]»lii*;iti<>n of dis- 
coveries apparently the most unpromisinfr in ilieir origin ; but 
a few only can be selected in support of the text of my 
argument. 

The most practical " man, — a title erroneously used by our 
English to envelope their ignorance, — could not have olgected 
to the marvellous development of truth arising from the 
study of light, that messenger from the sun sent at the 
rate of 180,000 miles in a second, to illumine onr earth with 
the glory of its parent It was wondrous to be told that the 
light of yonder far-distant fixed star, travelling without cessation 
at the same incredible speed, and which has this night struck 
our wondering eyes, started in its long and wesiy course some 
bQUons of years since, and has now for the first time shed its 
pale light on such points in time and space as ourselves. The 
sublimity of these truths awes the utilitarian, and hushes his 
Imlt-uttered question of cm bonof But show him a young 
officer of artillery looking tlirougli a prism at the windows of 
the ]>alace of the Luxembourg, ami noticing that, in a j (ar- 
ticular position, the light of these windows disappeared from 
Lis view — show him, further, the startled wonder with which 
the piiiios(»phers of Juirope heard of this phenomenon, and 
the easfeniess with which they tlirew themselves into the 
track of an observation apparently so insignificant, — and your 
utilitarian sneers at science and its followers, and buries himself 
again in the darkness of his empiricism. The light reflected 
from the ])alace of the Luxembourg had suffered a change 
similar to tliat exiMjrienced by onlinary light in passing through 
doubly refracting Iceland spar. When a ray of this changed 
or polamed light is passed through plates of crystallised sub- 
stances, brilliant colours and a peculiar structure aie ohaerved. 
These remarkable phenomena were indeed well worthy of the 
attention of scientific observers. Nothing, howewt eould 
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appear more remote from practice than the study of an altered 
beam of light. It was most inteiesting that, as in the case of 
sound, where twt) souiiils reaching the car either exalt or 
destroy the etieet, se, in light, two rays intt^rfering with each 
otiier may jiroduce darkness. Mueh of the liulit from retiecting 
surfaces was found to possess this changed condition. The light 
coming from the siuface of water being thus altered, refuses to 
pass throaglL a Nicolls* prism" in a particular diiection. If, 
thoefoie, you look at the shadow of a man on a smooth lake, 
on toniing round the prism the shadow disappears, vhile the 
man, seen hj common lights remains visible. The story of Peter 
SeUimmel is thus reaUsed. But who^ from these curious 
observations, would haye dreamt that out of them would come 
useful applications? 

In a short time, however, this property of the polarizing 
prism was applied to the important purpose of detecting rocks 
and shoals at sea. It had long been the practice of mariners, 
w hen they suspecteil the exist^^'nce of shoals, to look out for them 
at the miusthcad, because the outlook from his vertical position 
shut out much of the light that dazzled and obstructed his 
view, iiut as ])art of tliis da/zling reflected light is polarized, 
it is obvious that the polarizing prism enables the observer to 
scan the depths of the ocean, uninterrupted by its glare. 
Behold then the light which struck the student's eye when gazing 
on the Luxembourg used to preserve man from the hazards of 
the sea. It was easy to apply it in new directions ; and the 
salnum-fisher speared fish at depths inaccessible to his unaided 
vision ; while the engineer used its searching powers to discover 
the laws of tension in beams. Mechanics and Chemistiy both 
pressed it to further their resources. Under the hands of a 
fiiot, a ray of polarized light performed with magical quickness 
the most refined but tedious operations of the analytical chemist; 
and enabled him to tell the amount of sugar in the cane or beet 
juice. He thus followed the increasing richness of sugar in the 
juices of various plants at different stages of their growth, and 
was enabled to suggest a more economical adaptation of the 
labour applied to their cultivation. Thus, when beet is ready 
to be gathered, labour is in demand for the harvesting of other 
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crops, and oonsequ^tijr is ezpensiYe. It vmiM not then do to 
take another crop, such as parsnips, inferior in its amount of 

sugai-, as the cost of production would outweigh the return ; but 
when the horses and carU are disentja^d, and labour is cheap, 
parsnips are richest in their umount of sugar, and the idle mills 
may be usefully employed in producing sugai imm this plant. 
By the same ray of light the size of distant objects may be 
measured, and even time may reiord its passage. This latter 
application, made by Wheatstone, is especially remarkable, and 
gives a means more accurate and useful than the sun-dial id 
determining the apparent solar time by the diurnal changes 
of the plane of polarization at the north pole of the sky. 
By aYHibng himself of the &ct» that the planes of polariialum 
in the north pole of the skj diange ezactlj as the positioii of 
the hour ciiele alters, he has adapted a simple and ii^enioiis 
apparatus, by which the true time may be told within lliree 
minutes. All these are strange paths to practice, opened out 
by a ray accidentally caught in its passage from a window of 
the Luxembourg. Pass from its utilitarianisui to its unfolding 
of nature's laws, and follow the same straggling ray, jis it 
silently displays its gorgeons colours while passing through a 
transparent mineral substance, mitil it giv^ to man the kjiow- 
ledge as to whether the light of the sun proceeds from its 
solid mass or from its gjiseous canopy, or whether comets 
enjoy Ught of their own, or bonow it by reflection from 
other bodies. 

I now pass to light in its ordinary form, and ask you to 
examine the importance of studying its abstract phenomena. 
The world had long known that salts of silyer were 
blackened by exposure to light; and tibe &ct became fianiliar 
by &eir use as cauteries, or as indelible inks far linen, 
Wedgwood proposed to apply this means to fix the fieetiiig 
pictures of l^e camera obsoura; but the results of his €(xpen- 
ments being imperfect, the suggestion itself was almost forgotten. 
In the meantime chemists pursued their abstract discoveries, 
and without relation to this want investigated the properties of 
gallic acid, and of the iodide of bromine, and found a class 
of salts termed the hyposulphites. Some of these bodies pos- 
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sessed properties accelerating the blackening of silver salts by 

liglii ; the others [nevent the further blackening when applied. 
Philosophers began now to revert to the old idea, for truth is 
never lost, though its reality may be incapable of proof at a 
given time; and thus various uuconueel4jti <liscoveries began to 
re-act one u})on tlu' otlx r, until man was able to use the Sun 
as the painter of the pictures exhibited and enlivened by 
his glory. So perfect became the art, by now adaptations of 
other discoveries, that the most fleeting objects can be depicted. 
The flash of lightning exhibits its flery streak on these sun- 
painted pictures. The tossing out of lavas^ the vomiting forth 
of smoke, and the bellowing of flame from eraJbexs in tlieir 
wildest moods, are pourtrayed with unerring fidelily; the 
tomnltaoos dashing ^ the cataract and the slight rippling of 
the stream, the changing forms of the etouds, the sparkling 
of the rain^drop, and the ever-varying expresssion of the 
human countenance, are all capable of being preserved in these 
paintings by nature. Nay the truthfulness of the sun-painted 
landscape is so great tliat from the very shadows of the picture 
the altitude of the sun nuiv be determined ; and the time at 
which it was tak' ii being known, the latitude of the locality 
may be elicited. Artists now use this application of light to 
acquire models for study ; and the engineer employs it to 
obtain proofs of the exact state and progress of the works 
superintended by him. Doubtless very soon, for it is now all but 
accomplished, the Sun will be compelled to fix those transitory 
coloured glories which he now im|Mffts to natural objects; but 
not till tiien should man cease to question him as to the means 
of accomplishing this end. I need not say that this art is but 
diselofling its future applications. Already can we use the sun 
to record observations too delicate for man's perception. Tbe 
constant and momentary excursions of the magnet, iSke ever- 
recurring variations of the thermometer and barometer, are now 
recorded by light with a fidelity and precision unattainable by 
the most conscientious aiul unremitting observers. 

These instances will suflfice to show that the study of abstract 
laws, so far as regards light, produces offshoots important 
practical applications ; and in each depai tuient of science, like 
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lessoas may be taii«i,lit. Tlieic never was an age so rich in 
practical applicatiuus as that in which we live, and it is in- 
teresting to sec them diawn from truths lon^ familiar to man, 
and apparently beyond the lango of utilitarian application. 
When an Italian physician, havimif hung on an ij-ou railing 
the legs of a frog fastened to coj^pLT hooks, observed that each 
gust of wind caused convulsions in the lep^ of the dead 
animal, who could have prophesied that this observatioii 
would entirely alter the character of a future century? and 
yet it is but an application of this discovery, extended, it is true, 
by many intermediate researches, that annihilates space and 
tbne, — diat empowers owe thought to travel with the speed and 
with tibe power of lightning to the most distant land, and enables 
mind to be reciprocated without being arrested by distance in 
space. Who could have dreamt that the same disooveiy of 
Galvani wonld in future join continents, in spite of intervening 
seas, and give more security to nations than cordons of soldiers 
or fleets at sea, by rendering sudden invasion all but impossible ? 
At the late Jlxliibitiun you hud a singular proof of this quick 
interchange of intelligence, for every morning you coiUd buy 
at a triHing cost a map showing the state of the wind, of the 
barometer and tliennonieter, in all the principal towns in (in ut 
Britain <luring' the previous day. Yon have already seen lio\s' 
useful may be ma<ie this discoverv ; for a transit of a star at 
Greenwich and at Paris may be instautaneously recorded, and 
their respective longitudes verified. As a means of commu- 
nicating intelligence, its powers arc not yet nearly developed ; 
for in its mercantile communications it produces consequences no 
less individually important than its general results, sudi as when 
it sends information to distant provinces of the approach of a 
toniado, time being thus given to provide against the fury of 
the storm. It is rare indeed that brilliant discoveries, such as 
the electric telegraph,* flash matured across a human intellect, 
and in a generation produce such mighty results. It is true 



* Tho electric telegraph, as now used, i» a diseovtry in science, and not a 
mere application or invention ; for it wn.^ a most importaat diocovery Ibat 
the earth itself could be used as part of the circuiU 
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that some of tlie most wonderful discoveries have been sha- • 
dowed forth by a sadden inspiration; but in few cases has 
tbat shadow appeared as a picture with all its lights and 
shades. Before steam had been subjugated to the service 
of man, in accelerating his transit on land or water, Darwin 
had said, 

** Soon ^hnW thine arm, iinoonquered ftoiim, afar 
Drag the slow barge, or move the rapid car." 

By a similar j)rophctic spirit, resultiiii:, liowever, partly from in- 
duction, Goethe saw that the parts ol llowers are nit'tainurphosed 
leaves, and Oken, when stumbling over a bleached skull, perceive<l 
that the osseous system was con^itriu tcil on the vtTtebral type. 
But it was only by patient and Ion u; -continued study that these 
thoughts became substantive realities. This is essentially the 
case in electricity, which is but now beginning to reward mankind 
at Uirgc for all the patient investigations of the phUosopher. 
Already has the fierce and uiitamed lightning allowed itself to 
be dragged from its course, and be conducted tranquilly to jdaces 
where its fury is dissipated without injury to man. Even in its 
fiery flashings in the wide expanse of the ocean, it submits to 
the intellect of a Franklin, and leaves unscathed the ship rolling 
on the stormy waves. Providence^ in His beneficence to man, 
has allowed him to find a v^ ny for the lightning of thnnder.** 
ArtifidaHy formed, it allows itself to be conducted through land 
and sea, humbly serving the purposes of man, by bIo>\ing up 
mines, or enabling him to rescue treasures from sunken vessels. 

This immaterial ^xnver produces material result.s at places 
fixed on by the will of man; and London may now fire a 
friendly salute at tlie Invalides, while Paris returns tlie compli- 
ment \vith the guns of the Tower. Altliongh, as yet, electricity 
is not used with economy as a motive jwwer, the obstacle is 
<mly in the cost; and even this may be resolved as discoveries 
progress. 

Although her passage is so rapid that a journey to Paris can 
scaioely be expressed in time, yet she may be controlled, and 
used to recotd timers own progress : for nodni^ is more aeca- 
rate than docks worked by her power. It would not be difficult 
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to have all the docks in a town worked witih peifeot unifonnity 
by the aid of electricily. 

Electricity now plates with gold and silver ihe baser metals; 
copies in metal from more perishable niaterials the most exquisite 

desi;xiis and forms ; perpetuates the skill of the engraver, by 
multiplying, at a trifling cost, his elabonit^ly engraved plates ; 
and sepaiates and puj'ifies the metals, ff»rnierly only obtainable 
by tedious and complex chemicnl opcmtions. 

Electricity otters? for your lighthouses light of a brilliancy the 
most intense, and asks you to substitute the light gas which 
Streams through the streets by a sUll more ethereal existence, 
nmning along simple wes. 

Etou in the smallest offices of good-will to man she refuses 
not her aid, and offers to tell the perfumer whether his essential 
oils are adulterated with cheaper fatly sabstanoes* as willingly aa 
she lends aid to the Chemist in the minute operations of lua 
laboratory practice, or as she kindly ministers wi^ the Physiidan 
to allay human suifering and restore wasted strength. Reooll6Ct» 
that aU these are but the b^;inning of her applications, and that 
we know not to what extent they may be carried out ; and rejoice 
with me that philosophers studied her abstract laws, from the 
knowledge of which these applications have arisen. 

I have no time to extract fiu*ther examples from physics or 
meteorolngy, but T cannot refrain from directing a passing 
glanco fit the beautifnl discoveries of Colonel Sir William Reid. 
Stiuiying the phenomena of a Ininicaiu* at Barbadoes, he 
followed out his observations to all recordetl hurricanes, and thus 
elicited the simple law that hurricanes and many gales are pro- 
gressive whirlwinds, revolving in the directi<m of the hands of a 
watch in the southern, and in the reverse direction in the 
northern hemisphere, but moving along in its mass at the same 
time. The variable winds in a hurricane now become intel- 
ligible, and a mariner caught by it may use every wind to 
steer out of its course, and prevent himself being overwhehned 
in its vortex. To be wrecked in a hunicane, widi an open sea, 
can now only result from a lamentable ignmnce of sdentifie 
laws; for knowledge has triumphed over the terrors of the 
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Let us now turn to Chemi&try proper, and see how tliis sup- 
ports the text of the argument. It is an old science, and from 
the time of Tubal Cain to that of liebig has been progressing 
steadily onwazds^ though not always with similar ahns and aspi- 
ratknts* The alchemists eired, as England now ens, by yaiuing 
and studying only practical applications, instead of following 
ahetract laws. Health, wealth, and longevity comprised their 
aspirations, in the plaoe of eternal truth. But these oljects were 
8i:^eiently important to produce in their search a zeal allied to 
madness," and facts became accumulated of infinite importance 
to the fccit'iice w hen it attaiiunl belt"-<x)iisciousness, and learned to 
value itself for it8 nobler cuds. 

No later than the time of Henry IV., a royal edict reconi- 
mended that ''the clergy shoukl search for tlu- |)liilo>op]ier's 
stone, for sincT they can change bread and wine into the body 
and blood of Ciiiist, they must also, by the help of God, succeed 
in transmuting the baser metals into gold." 

As soon as Chemistry began to be studied tor the mere sake of 
abstraet truth, then she deigned to reward man for his unselfishness 
by nummus collateral results having a direct material benefit 

He who supposes that Chemistrj is the result <^ practical 
knowledge derived in its contact with industry knows little of 
the progress of the human mind, or is little grateful for the 
^ infinite development whidi it has given to human resources and 
human enjoyment. Let us select a few examples of abstract 
chemical truths bearing on practical app1ian<^. I will first 
refer to the Miners Safety Lamp as a mo.st important example 
of an industrial result depending^ uj)on juuo iruiiicliiii: tmiu 
abstract science. An element of destruction, apparently uncon- 
trollable by human power, had to be subjugated so completely 
as to be put under the management of the most imeducated 
miner. More dreadful in its etfects than those of the lightning 
and the earth(]uake, fire damp, the scourge of the miner, seemed 
to defy investigation even as a scientific phenomenon. By a 
pure inductive method, such as a Bacon would have loved to 
vitness, Davy traced its history, step by step, until he fully 
made oat all its chafaeters. He discovered that it in reality 
requires a very li%h heat for ignition, the temperature of red* 
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hot iron or charcoal being insufficient to inflame it. The gas 
va-s Unuul not to explode in narrow tubes, as tliese cool it 
below the jioint of ignition ; and a network of iron wire is only 
a series of sectional tubes. A lamp surrounded hy wire gaujse 
is now cui I ^ti lifted, and this allows a light to be carried into 
the most dangerous mine \\ith [)erfect safety. What a won- 
derful discovery is this ! The destructive gnome of the mine 
is imprisoned witliin a cage of mere wire gauze, and, vainly 
struggling to escape, heats to redness the bars of its prison. 
Science, to its glory, ha> fir stroyed those scenes of death and 
heart-sickening misery which haunted the miner in his moat 
peaceful hours, and has rendered safe an occupation formetly 
one of dread and danger. 

When Dumas investigated the laws of substitution, and dis- 
covered a new body by distilling alcohol with bleaching powder, 
interesting indeed in its chemical formula, but capable of being 
sneered at by those who see science at a distance, by a wrong- 
end^telescf)pic view of its coinniorcial prodnctiveuess; who could 
have dreamt that this chhroform was <U:stined to remove many of 
the w(H^s which nuin is heir to, by niitiL'^ntiiig pain, and preventing 
its (X'ciu rence even in the most severe surgical oi>erations { 

In 184*?, T had the pleasure of travelling with the Dean of 
Westmimiter and Liebig over different parts of England. Among 
other places we visited a limestone in the neighbourhood of 
Clifton, where in former times samnan reptiles had been the 
pirates of the sea. There, along with the relics of the fishes on 
which they had preyed, were their own animal remains. Copro- 
lites existed in great abundance, and proved the extraordinary 
number of the r^tiles which must hare existed. Hie inter- 
esting question arose as to whether these excietioos of extinct 
animals contained the mineral ingredients of so much value in 
animal manure. The question was in fact not yet solved hy the 
diemist, and we took specimens, in order to confirm by chemical 
analysis the views of the geologist. After T.iebig had completed 
theii- analysis, he saw that they nn'ght made applic-able to 
practical purposes. " What a curious and interesting subject 
for contemplation ! In the remains of an extinct animal v^orld 
England is to iind the means of increasing her wealth in agri- 
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eultoral produce, as she has already found the great support of 
her manufacturing industry in fossil fuel-->the preserved matter 
of primeval forests— the remains of a Tegetabic world! May 
this eiqiectation be realised ! and may her excellent population 
be thus redeemed from poverty and misery ! ** I well recollect 
the storm of ridicule raised by these expresdons of the German 
philosopher, and yet truth has triumphed over soeptidsm, and 
thousands of tons of similar animal remains are now used in 
promoting the fertility of our fields. The geological observer, 
in his search after evidences of ancient life, aided by the chemist, 
excavated extiiict remains wliich produced new life to future 
generations. 

Two years liefore this, the same Ciei man })hilosuphcr, in his 
researches into the iood of jdants, had drawn attention to tlie 
importance of irnano as a niannre, and by his iuteiioct wafted 
fleets to the Ichaboes and to the lucas. 

Man gets so accustomed to luxurious applications of science, 
that he often forgets the searcher of abstract truth whose 
discoveries led to them. Nothing is more useful than has 
been the discovery of the lucifer match. Some of us recollect 
&e time when the tinder-box was the only artificial means of 
procuring lights and a lively remembrance of the often-unsnccess- 
M efibrts, always tedious and lengthy, is required fully to 
appreciate the value of the ludfer maUdu What an improve- 
ment it was when a little bottle of oO of vitriol could be 
oanied about, and by dipping matches into this, light was 
obtained ! And yet this ek ^ant method is now considered 
clumsy, and is entirely snj)crseded in less than ten years, l lic 
projKjrties of chlorate of |Hita.sh and of phosphorus became by 
study better understood, and their aj)plication to the i>roduction 
of artificial Hcrht was apparently perfected. But the lucifer 
match maker is dangerous to society, and a curse to himself. 
The transparent waxy phosphorus with which he works must 
always be kept under water, and even then is so hazardous 
that insurance ofHces decline to insure the premises in which 
it is contained. The heat of the hand causes it to inflame, and 
the wwker, even avoiding this, becomes diseased and liable to 
ideas. The practical man now helplessly lays his wants 
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before tibe sesrclier of sbstrect tniilL CSiemists bad for flonie 
time noticed that wioos bodies assume different forms, as» for 
example, carbon, in the states of diamond, graphite, and diar- 
ooal. An Austrian chemist, Professor SdhrStter, investigating 
the abstract laws of allatropism, inquires whetiier phosphorus 
has more tluui one fonn, and by heat changes the traas})arent 
wax iutc) a srailet body. I hi.s scarlet sub.staiice is the samo 
phosphorus, ))ut in a state in which it may l>e kept in the 
open air, or packed up and ti-ansported in c^nsks, and is not 
rcadilv inflamed bv a srentle heat or bv triction. Phvsiolo- 
gically it ha.s little aetioii on the l^ody, and yet by proper admix- 
tures makes as good lucifer matches as die oidinaiy dangerous 
phosphorus. By these discoveries the means of giving artificial 
light is rendered a safe and healthy maau&cture. 

A French chemist discovers that paper immersed in nitric 
add unites with that body, and becomes highly combustible. 
Any woody fibre is subsequently found to do the same. This 
observation lies dormant for years, noticed only as an interesting 
foot, under a long and scientific term, in tiie books of chfonlstit. 
But one day a Svnss chemist announces the startiing fact, that 
the peaceful cotton bales of Manchester may be converted into 
dangerous ammunition of war, and that cotton unchanged in 
its physical appearance? lias Ixjen made more destructive than 
gunj>o\v(k'r. Jlierc \va.s something appalling in the fact of thi^ 
penceful representative of industry being made to assume such. 
<lestructive jiroperties, under the magic wand of the chemist. 
The chemist now examines cotton in the new form, and trjing to 
])m ify it, finds that it is soluble in ether. When left exposed, 
the ether quickly evaporates, and the gunHxytton retains a skin- 
like appearance. Surgeons seize the discovery of tlie chemist, and 
gun-cotton dissolved can heal the wounds it makes in its dry 
state. Numerous applications folk>w, and man, forgetting fak 
fear, uses tiie gun-cotton to silver mirrors, and ^produoe 
the portraits of bis friends cm glass, by a prooess speedy as tlie 
Daguerrcot)7>e. Another chemist, seeing how readily oottoa 
unites with acids, investigates its power of combinihig widi 
alkalies. He discovers that it does so, but notiees Hhat a eon- 
traction ensues in its fibres. Ix}oms are not now required to 
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make coaree calico fiuc, for immersion in soda himIvOs it take 
the form of fine cambric. The alkaline calico mm lif l in \vat(T 
loses its soda, but unites with water, and this in tm n is displace I 
bj ooloiirs when the calico is dyed, so that the calico assumes 
dyes of mneh greater intensity and brilliancy. 

Analogous to this is the application of a well-known fact to 
ibe manu&cture of flax cotton. As long ago as the time of 
Solomon, it was well known that adds produce an effervescence 
with oarbonate of soda, for that wise King says, singing songs 
to a heavy heart is like pouring vinegar upon natron (mis- 
traodated nitre). This old fact is now used to separate the 
fibres of flax, and give to it a cotton-looking appearance and 
properties. But this would have been insufficient as a practical 
result, had it not ])een tliat scientific discoveries had sho\vn the 
existence of a class of bleaching compounds, t«?nned liypocLlo- 
rites, which enable a few hours to do the work of many weeks. 

These various diseovorios of Schonbein, Mercer, and others, 
did not in any case arisi? frnm a direct practical search, but as 
oflfehoots of abstract investigation. 

Antioch, in the beginning of the fourth centm-y, discovered tlu^ 
importance, as a matter of poHoe, of lighting its streets. But 
the discovery lapsed, and it was only in the middle of the six- 
teenth century that Paris lighted up her streets by fires made of 
pitch and rosin. Slowfy did this matter of primary police creep 
on till the end of the last century, when it started forward with 
eztraordinaiy vigour. Chemists had long observed that coal on 
being distilled produced a combustible gas, and the means of 
coUectmg and distributing various kinds of gas were among the 
oommon eocperiments of a lecture table. But it was not till 
1792 that Murdoch employed coal gas to light up his offices at 
Redrutli. Now gas has entirely substituted oil in the lighting 
of streets, but simply as a question of cost, the coals from which 
it is j)roduced Ix'ing cheaper than the com necessary to form 
tallow. It by no means follows that gas is always tho most 
convenient form of nsin<r a combusfi>>1e. *' Tt wonM eertMinly," 
says Liebig, '""Ik? oonsidennl one of the greatest discoveries of 
the age if any one could succeed in condensing coal gas into a 
white, dry, solid, odourless substance, portable, and capable of 
beoQg placed apoaa candlestick or burned in a lamp." A want 
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is rareljr clearly expressed bj man tihat science does not admi* 

nister to it ; and already is the desire of Liebig accomplished. A 
mineral oil flowed out of coiil in Derbyshire, and was obviously 
producxMl 1}\ :i slow process of distillation from the coal. It 
eontaiiiod ^olid pai affine dissolved in a liquid oil. Mr. Young, 
of ^laiiclic'ster, in examiniiiL: the mmle of Its formation, 
found that paraffine, a solid waxy substance hitherto never 
produced from coal, could in reality be readily formed in 
commercial quantities by a slow and regular distillation. This, 
in fact, is " condensed coal gas»** or, rather, it might be considered 
as a solid form of olefiant gas. It is therefore really the want 
of Liebig supplied. In forming coke» this product, dissolved in 
an oil of a similar composition, maj leadilj be obtained; and, 
useful products are made instead of those waste gases now 
thrown usdessly into the atmosphere. It might appear chime- 
rical to you if I were to state many of the consequences which 
must follow if iJiis discovery in its maturity be found as sue- 
cessfiil' as it promises to be in its dawn ; but it is not difficult 
to see that a cheaper and less carbonised coke could be bumetl 
in our domestif tires; and thus wo nnVht see a sun which now 
refuses to penetrate the sooty can<)]>y oi our cities. 

Hour after hour uii<,dit bo employed in recording the triuuij»hs 
of clnMiiistry in its investigations into the play of the orfjanic 
elements. Looking back no further than the la.st few years, 
you see how it has thrown open the most hidden processes of 
animal and vegetable life ; how it has taught us to increase and 
economise the food of man. It is even yet the practice of those 
who have not followed her disooYeries into the wondrous affini- 
ties of the few simple organic elements to depreciate the 
importance of following their infinite creations. If, howeTer, 
there were no other result from doing so than the one great 
achievement of having explained the ingredients in food used to 
build up the muscular frame and those employed in the support 
of animal heat, the importance of that discovery would have 
repaid all the labour of the past century. 

Almost all the staple manufactures of this couutr> aro founded 
on chemical })rinciples, a knowledge of which is absolutely 
indisj)cnsal)le for their economieal application. Tn a i'( w educa- 
tional establislmieutg and in some of our universities the alphabet 
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of ehemical science is taught ; but it requires an institution such 
as iJiis, devoted to a special object, to teacb how to use that 
alphabet in readinjif manufactures. The extension of scientific 
and technical education is a want of the age. The old and yet 
widely-existing scholastic system of education introduced by 
the revival of learning in the fourteenth and fifteenth centuries 
h ill adaptefl to the necessities of the times. Erasmus would 
not now aid Cambridge in advanciii<7 the progress of England, 
nor would Vitelli make Oxtbrd uselul to the mass of its popu- 
lation. It would be of little use to the lagging progiess of 
Italy even if Chrysoloras were again to teach Greek in its uni- 
Tfersities. Euripides and Thucydides cannot make power looms 
and spinning-jennies ; for these Watts and Arkwiights ore 
required. A Poggio may discover copies of Lucretius and 
Quintilian, without thereby producing a result equal to that of 
the smallest inventions ^ a Stephenson or a Wheatstone, 
Wlien -will our sdiook learn that dead literature cannot be the 
paient of living science or of active industry? I do not 
undenate classical leamii^ as an elegant accomplishment, or as 
ft branch of human knowledge ; I can rejoice as much in a 
good thought from Plato, or a happy allusion from Aristophanes, 
as I can in hearinir a discussion on the philological affinities 
of the Indo-Gi rmutiic tongues; but I cannot understand why 
our sons of industry, destined to reap its liarvo>ts, should be 
placed in its fields of corn, having only n taught how to cull 
the jjoppies. " The great desideratum of the present age," says 
Liebig, " is practically manifested in the establishment of 
schools in which the natural sciences occupy the most pro- 
minent piaoe^ in the course of instruction. From these 
schools a more vigorous generation will come for&, powerful 
in understanding, qualified to appreciate and to accomplish all 
that is truly great, and to bring forth fruits of universal 
usefulness. Through them ib» resources, the wealth, and the 
strength of empires will be incalculably increased.** 

Institutbns, such as this, are not substitutes for, but supple- 
ments to, the universities. It is ihe industrial training which we 
profess, and ever} thing else is made sub^diarj to ^at object. 
Not that we do or should forget abstract science, as such, 
because I believe the diacuvciies in al>3Uai;l iawa aic of more 
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real benefit to industiy than their immediate applicatioiis. The 
teehnicai man is» perhaps, of more use to himaelf and to hia 
fame and generation than he who disooTers the abstract laws 
applied bj the former to the pmposes of industry ; but it is 
tiie abstract philosophicr who benefits all time, and oonien 
universal and eternal benefit to society. 

If I have conTinoed you that it is of infinite importance to a 
nation, not only to study science as constitutinf( the foundation 
on which industry rest>, but to promote the advancement of 
abstract science, the soul and life of industry, you will readily 
undei*stand the importance ot iii titutions the object of which is 
to infuse this life into special departments of technolog}'. Enj^-- 
land has too Vmij rested on the ])osition which it has accjuired 
as a manul'acturing nation. This position was gained when 
local advantages gave an impulse to our practical national mind. 
But now that the progress of human events has converted the 
competition of industry into a competition of intellect, it will 
no longer do to plume and pride ourselves on our power of 
mere practical adaptations. It is miserable to see our indus- 
trial population glorying in their ignorance of the prineiidea 
on which their manufactures d^nd, and vaunting liieir 
empiridsm, or, as they term it, their ** practice.** Let «b 
waken from this delusion, unless we prefer to — 

" Sit Hke spent aud patient fools. 
Still puffing in the dark at one poor coal, 
Held on hy hope till the last spark is out." 

If England keep pace with other countries as a manu- 
facturing nation, it must be by her sons of industry becoming 
humble disciples of science. At present her reliance in the 
*' ]iractical " or " common sense " of her population is the 
simkcii rock directly in the course both of her agriculture and 
manufactures. On tliis subject Archbishop Whately has some 
excellent remarks. " By common sense,** says he, " is meant, 
I apprehend (when the term is used with any distinct meaning), 
an exercise of judgment, unaided by any art or system of rules ; 
such an exercise as we must necessarily employ in numheriess 
eases of daily occurrence, in whidi, having no established 
principles to guide us, no Hue of procedure, as it wece, disdnetlj 
chalked out, we must needs act on the best eztemporaBeoflB 
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mjeetmres ve caa form. He wbo Is eadnently suooessful in 
doing this is said to possess a superior degree of common sense. 

But that common sense is only our second best guide, — that the 
rules of art, if judiciouil) iVuiued, are always desirable when 
they can be had, — ^is au assertion for which 1 may appeal to the 
testimony of mankind in general, which is so much the more 
valuable, inasmuch as it may be account-ed the testimony of 
adversaries; for the generality have a strong predilection in 
favour of common sense, except in tliose points in which they 
respectively possess the knowledge of a system of rules, but 
in these points they deride any one who trusts to nnaided 
oommon sense. A sailor, e. g., will perhaps despise the preten- 
sions of medical men, and prefer treating a disease by common 
sense; but he would ridicule the proposal of navigating a ship 
by oommotn sense, without regard to the maxims of nanticfd 
art A physickn again will perhaps contemn systems of 
political 60on<nny, of logic, (nt metaphysics, and insist on the 
superior wisdom of trusting to common smse on such matters ; 
but he would never approve of trusting to common sense in 
the treatment of diseases. Neither, again, would the architeet 
reconmieail ;i k liance on common sense alone in building, nor 
the musician in music, to the neglect of thase systems of rules, 
wliicli, in their respective arts, have been deduced from 
scientific reasoning, aided by exjiorience; and the induction 
might be extended to eyory department of practice. Since, 
therefore, each gives the preference to unassisted common sense 
only in those cases where he himself has nothing else to trust 
to, and invariably resorts to the rules pf art wherever he 
possesses the knowledge of them, it is plain that mankind bear 
their testimony, though unconsdously, and often unwillingly, to 
the preference of systematic knowledge to conjectural judg- 
ments.** Practice and science must now join together in a 
solemn union, or the former will soon emigrate to other lands. 
The time is past when practice can go on in the blind and vain 
confidence of a shallow emptridsm, serered from science " like 
a tree from its roots." The rudest sailor may steer his ship in 
the direction of a landmark, but without conijiass and sextant he 
dare not traveise the expanse of ocean. Ignorance may walk 
in the path dimly lighted by advancing knowledge, but she 
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stands in dismay when science passes her ; and she is unable to 
follow, like the foolish virgin having no oil in her lamp. Depend 
upon it| an empirical knowledge of practice is not the way 
now to succeed in the struggle of individuals, or in the struggle 
of nations. Intellect is on the stretch to get forward, and that 
nation whicli holds not by it will soon be left behind. For a long 
time, practice, standing still in the pride of empiiidsm, and In the 
ungrateful forgetfolness of what science has done in its devdop- 
ment, reared upon its portal the old and vulgar adage, ''an ounce 
of practice is wortli a ton of theoiy.** This i^retdhed inscription 
acted like a Gorgon's head, and turned to stone the aspirations of 
science. Belie vi> it not ! fur a grain of theory, if that be an 
expresisiou for science, will, when planted, like the mustard seed 
of Scripture, crow and wax into the greatest of trees. The pres- 
sure and diffifuities of the age, and the rai)i(l advancement of 
iuteileet in continental nations, liave been tlie l^erscus to cut off 
this Medusa s head from the industry of England, and to fix it 
on the shield of Minerva, who turns to stone such as still 
believe that science should be ignored by practice; but, reversing 
that shield, wisely conducts those who would go further under 
her guidance. It is now rare to find men who openly a?0Wy 
although they actually entertain, a belief in a necessary antago- 
nism between tlieoiy and practice. Theory Is in fact the rule^ 
and practice its example. Theory is but attempt to fumiaJi 
an intelligent explanation of what is empirically ascertained 
to be true, and is always useful, even when wrong. Theories are 
the leaves of the tree of science, drawing nutrim^t to the paimt 
stem while they last, and by theur fall and decay affording the 
materials for the new leaves which are to succeed. 

I Jiave now said enough to show you tliat it is indispensable 
for this country to Lave a scientific education in connexion with 
manufactures, if we wish to outstrip tlie intellectual competition 
which now, happily for tlie \\or\d, prevails in all departments of 
industry. As surely as darkness follows the settinii^ of the sun, 
so surely will England recede as a luanufactm ing nation, unless 
her industrial population become much more conversant vritb 
science than they now are. 
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The Rdatiom of N'ltural History to Qedo^ and ti^ Art$. 
(A Lecture £vtrodueUry to ike Coune to he ddhered during 

the Sessmi 1851—1852.) 

By Edwarp Fobbes, F.R.S. 



Natubal History is a vast and oontmually extending science. 
It embraces Zoology, Botany, and mucli of Geology. Tlie 
sections of it are subdivided into studies, each of which, if 
pursued to its full development, would more than occupy a life- 
time. No single man can, in the present state of knowledge, 
grasp the details of all the natural hLstory sciences, or even of 
one of their great sections. But the principles that pervade all 
are the same. ITie same laws govern the animal and vegetable 
kingdoms. The same laws regulated the phenomena of animal 
and vegetable life through the geological past that now regulate 
them in the historical present. That such is true is for the 
naturalist to demonstrate. The zoologist^ the botam'st, and the 
geologist contribute the elements of the demonstration, but the 
great pervading principles of the entire science demand a 
combined study <k the three kingdoms of nature. The task 
assigned to me in tins Institution is the exposition of these 
principles ; their illustration by examples drawn from existing 
and extinct forms of life ; and the teaching of such details of 
zoology and botany, recent and fossil, as are necessary to the 
accurate conduct of geological research, and haTe thereby a 
practical and economic bearing, through the certainty they give 
to geological determinations. A second and distinct duty, 
hereafter to be performed, will he the illustration of the appli- 
cation of natural history knowledge to the arts and manuftic- 
tures. 

s 
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Of aU the departments of the educational system adopttjd m 
this Institutiod, mine is apparently the least practical. The 
chemist, the metallurrnst, the mechanician, come directly into 
contact with the arts and their votaries. The miner fm'nishes 
the materials from which so much of the riches of England is 
derived. The geologist iavestagates <ii0-8(aRiieture of the ooimtrj, 
and thus gives certainty to the operations of the engioeer, 
derdopes new souroes of minend aiid agricultural wealtb, and 
prevents tiie expenditure of capital in wrong diieddons. All 
men understand why llie manufacturer and ardzan are indel»ted 
to the chemist and metaUurgist» whose obligations to the miner 
and the geologbt are too evident not to be freelj acknowledged 
bj themselves and those who benefit by their pursuits. But the 
naturalist seems to work apart from practical men. His duties 
arc performed behind the scenes, and make no conspicuous show. 
His share in the work can l)o fully appreciated only by the 
geologist, whose reqnirementis necessarily lead him into the 
pal;T?ontological luboratoi ies. TJkea laljourer amonof the founda- 
tU>m of an edifice, he is uus* en by the crowd who admire tho 
bpMiitiful suj)eistnicture, though without his Inbonr the building 
would be unsafe and incomplete. It needs but a brief argument 
to prove this to an intelligent audience. 

That geology is an essential element of a scientific mining 
education is obvious at first thought. Hiat natural histoiy 
should be, may not seem so evident to persons as yet un- 
versed in geology. Hiat palieontology is an essential element 
of gedogical sdenoe, no one who is acquainted with the rules 
by which the relative ages of sedimentary rocks are determined 
vrill deny. And that palaeontology, apart firom natural histoiy, 
is empirical and false, and has no claims to the dignified title of 
science, every intelligent student of organic remains will main* 
tain. Therefore, the teaching of the study of fossils in this 
In'ititution is to be conducted with constant reference to and 
comi»arison with living organisms ; for l)y no other method 
can we hope to gain an insight into the history of tho manifesta- 
tions of life during the geological jiast, such as is necessary for 
the truly scientific, and, consecjuently, safdy practical study of 
geological science and its applications. 
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The \aliiL' ut' uatoial history as an educational science has 
been but partiallj recognized in Britain. In our schools and 
colleges, the chief cultivation has been directed to the nurtiu-e 
and training of the memory, the reasoTiinsr j)owers, and taste ; 
not always by the most judicious im tliods. Observation, a 
faculty upon the correct exercise of which the value of the others 
in a great measure must depend, has been neglected or even 
entirely ignored. Yet to observe truly, to note accurately, are 
surely qualities of essential importanoe to the w^-beiog and 
{iiture prospects of every youth. The successful progress of a 
man througb Ufe» iite weij^t attadied to his statements^ mus^ 
in a great measure^ depend upon them. The sim]^est» easiest^ 
and moat beneficial method of Ckiltmting the observing powen 
lies in the acquirement of the meCliods and practioe of the 
natural history sciences. Ignorance akne could have eotduded 
them from recogniaed courses of education. Though partly 
taught in some of our Universities, it is as brandies of know- 
ledge usually in connexion with the enlightened profession o£ 
medicine, and not on account of their value in educational 
training. Of late, however, there has been a tendency to rectify 
this. Oxford and Cambridge have recognized, in theoi v at 
least, the right of natural history to share in theii' honours. 
Their younger sister, London, with tiie timidity of youth, has 
hesitated to pronounce in its favour. In the metropolitan col- 
leges, and the universities of Scotland and Ireland, the natural 
history sciences are taught by able professors; but Uie total 
number of their unprofessional disciples is small, and cannot b^ 
said to be increasing. In schools of lesser grade they assume^ 
when professed to be taught at all^ the form of intellectual re- 
creations ; not that of exercises, and strengtheners of the mind 
of the pupil. The time* I trust, will yet come when evory 
student will be required to educate his observing powers lluroi]^ 
the agency of these ddightful branches of study. 

The eariiest efforts of iniknt inteOeet are directed towards die 
observation of natural objects. Animals, plants, minerals, are 
collected by the schoolboy, who delights to note their shape and 
qualities, and rudely to compear and classify. But tlie thirst 
for natural knowledge thus early and immistakeably manifest^ 
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is rudely quenched by unpalatable draughts of scholastic lore, 
administered too oru n by a tasteless j)edagogiie, who, blind to 
the indications of a true course of education, thus plainly pointed 
out by human nature, developing itself according to the laws 
of its own God-given constitiiti*»]i, prunes and trims, ])mfh and 
cramps the youthful intellect into traditional and fantastic shapes ; 
even as the gardeners of a past age tortured shrubs and trees 
into monstrous outlines, vainly fancying to improve their aspect, 
arresting the growth of the spreading boughs and the budding 
of the clustering foliage, mistakipg an unhealthy formality for 
beautf . Far be it from me to disparage the educational value 
of the glorious literature of Greece and Rome, or to intfahold 
due honour from tiie many able and learned men who give 
dignity to their profession as educators. To them I would 
appeal for the rectifying of the evils of a one-sided education. 
I would implore them, in the name of Aristotle, the greatest of 
naturalists, and most admirable of obsenrers — ^how great other- 
wise none knows better than they do — to avail themselves of 
that science upon which he laid so nuicli stress, and through it 
to cultivate those tracts of the mind of youth that now lie fallow 
and unproductive. 

I speak tluis -tu ngly respecting the neglect of the sciences 
of observation in the ordinary ])ractice of education in England, 
because it is too probable that in it lies one of the chief 
difficulties with which schools of applied sciences \W11 have to 
contend in the outset. The rudiments of science should be 
taught elsewhere. The student should come prepared with a 
groundwork of elementary training, which there is too much 
reason to fear, in the present condition of schoob and school- 
masters, he will haTe great difficulty in obtaining. The 
training for scientific study should be effected in preparatory 
schools. Hie teaching here should consist in the commu- 
nication of scientific laiowledge, and in the elucidation of the 
applications of it. But we do not despair. The events of this 
year have gone far to awaken Englishmen to the consciousness 
of the dignity tliat is inherent in those pursuits which have 
liuulv their countr)' so powerful aiiiong nations. The union of 
practice with science is the surest way to keep her strong 
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positiou. Througli the operation of well-<l( \ ised educational 
establishments only c*m tliui union be cemented, and future 
results socurc^d. 

In the scheme of education adopted by the School of Mines 
it will be observed that paispontolog}' is regarded as inseparable 
from natural history. I have aheady said that the study of 
organic remains, conducted independently of the study of iiving 
organisms, is essentially empirical and injurious to science. Hie 
value, the interest, the scientific and practical importance of 
fossils, depend entirely on the knowledge of their true nature, 
which ire gain through a comparison of diem with their existang 
homologues and analogues. That comparison cannot he under- 
stood unless we make onrselYes acquainted with the habits and 
oiganization of the living t)'pe8 with which fossils must be com- 
pared. There are now neai-ly 30,000 kinds of fossils known and 
described; these have been disoovmd in formations of all 
epochs. Some of them are the remains of beings that lived at 
immcasm-able distances of time, — some of them are the 
skeletons of creatures that flourished along ^viLh the ancestors 
of species now existing. Yet all researches hitherto made have 
gone to show tliat every form of extinct life was a member of 
the same great scries of beings with those which now inhabit 
our world, — tliat the laws of organization and the laws of life 
were the same in the primeval epochs of Preadamite time as 
now, — ^that the same great universal thought has uniquely 
pervaded the one great creative action, — ^that the repeated 
manifestations of creative power during successive ages have 
ever announced the one consistent idea. 

It is not an unconomon fmcj to suppose that naturalists are 
occupied entirely with the naming and describiDg of Ihe kinds 
of animals and plants ; that, provided they can enumerate in 
dear though technical language the characteristics or features 
of a being submitted to their examinations, usually in the 
state of a pr^erved specimen, and, on discovery of Ihe impedes 
being one hitherto unnoticed, give it a name which it may 
be remembered by their brother naturalists to the end of time, 
or thereabouts, they hii\ e attained all their aim, and fulfilled all 
their ambition. This notion of their duties and offices is a libel. 
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It takes note of only a fni<?ineiit of their labours. To name 
and describe are but to enrol an object, with a ti'ue spelling and 
clear definition, in the erreat dictionary of science. Words in 
dictionaries are < xliibiiions of the raw materials out of %vhich 
literature is made ; and species arranged in zoological and 
botanical systems are orderly and beautiful displays of the raw 
materials of natural history science. Words may be wasted, 
and species misused. But the study of species, which is the basia 
of att natural hiiBtoij scienee^ does not take note merely of their 
external or e^ea liieir internal (it]gaDization. It deals also with 
tUr robtioiis to oondttioDS im tune astdspm. It seeiks out the 
epoch of theb first appearanoe^ and traces them through their 
difliisLon under ikrouring, or limitation and final ezfinction under 
uniaTourabie influenoes. It searches &r the causes inherent to 
flieu* dganiaation, by which, of two sbnilar yet not identical crefr- 
torea, the one has the power to battle with yaried and veiy difibrsnt 
forces, to maintain a vitality that braves the duration and com- 
plicated arrangements of several successive epochs, and, daring 
alike the freezing cold of the poles and the feverish warmth of 
the ecjuator, to spread its individuals over more than half the 
world. Whilst the otlior. distinguished, it may be, from its 
congener by some ai)])ai'eutly slight and useless difference, — 
though the mark be an indelible brand by which nature has 
stamjjed that member of her flock, and that one only, — is inca- 
pable of assuming protean TariatioDS, or of enduring even a s^if^ 
change in the physical conditions under which it first appeared. 
It enjojn a fleeting existence during a short segment of time,—— 
dies out ere it has spread beyond a mere spedc on the eardi's 
sorfaoe^disappeanngneTerto reappear; — penshanoei if it belonged 
to some primeval fauna, never to become known to man, witJi 
all his research, unless some bony or sheUy framework gave 
eonsistence to its otherwise perishable substance. 

But so to deal with our subject, so to work at natural 
history, how can we proceed without the aid of geology? It 
is plainly impossible. From the moment we rc^cogiiise a con- 
sideration of tlie relation to time and spa(\> of species and 
genus as an essential element of a riulit and full undiT.st.-inding 
of them, from that moment the naturalist calls in geolog}' to his 
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lid. And how. is gfiokigj: to help him? The pure geologj^-^ 
the inqudfer into tbe earth's physical fe«tures ttt the dtSbfeilt 
fltages of ilB OTeutfuI history, aadinto iheprolwble nature of its 
iateraal oonstitation and the oauses Of tiie inequalities of the 

outline of its crust, — the pure geologist cannot aid him, but, in 
his turn, rather expects aid from the nattiralist. For the 
geoloo^ist has ]>een taught, by his own cxpeiience, that without 
an investigation of the life-nmnifestations at successive epochs 
his science is fragmentary and incoraplete. But the mere 
describiiicr and cataloguing, the casting of them in established 
zoological and botanical moulds, is as likely to mislead us as to 
help. Such a process has misled. Half the sins of ])remature 
speculation so often called up, like filmy ghosts, to frighten 
incipient geologists from the beautiful sdence they would 
foUow — ^the charges Of cnideoess, hastiness, vagueness* ioooii^ 
'sistencj, and inaccnracy hronght against geology — have arisen 
from Uiis mode of attempting to misobndnet scieatific inqtoi}^ 
.The geologist ooUected fossils mthout sufficient notea^ aiid 
without a notion of their soologieal or botanical value ; he 
transmitted them to the zoologist or botanist* who 'ezaraihed 
them without caring to know whence they came, under whet 
conditions they were foimd, or who ivere iheir aasodatea. It 
was like the author mentioned by the novelist, who, when 
called uj)on for an article on Chinese metaphy>ics, read up 
China on the one iiand and Metaphysics on the other, and 
combined his heterogeneous knowledge in a wordy and well- 
souiidiug l)ut empty disqui.siiitm. Tlie time for such manner of 
work is going — has gone. The naturalist who exainiiirs fossils, 
if he would undei-stand them, must study and practically ac- 
quaint himself with the principles and facts of geology. The 
naturalist who studies living beings, if he seek to graq> the 
philosophy of his science, must work among the remains of 
extinct creatures also. Geology must become an elemrat of 
his studies. There was a time — not very long ago— there may 
be a few holders by it yet— when it was supposed ihat to be a 
zoologist a knowledge of comparative anatomy yraa supeffluous ; * 
that to be a botanist no acquaintance with vegetable physiology 
was rck^uired. That day is gone, or expiring. The man who 
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would now malntiuii mth a state of things to be science is 
listened to with a smile, not argued with ; and so will it be 

with all who preteud to investigate the phenomena of distri- 
bution, and the laws which determine the limits ui genera and 
species, without a knowledge of geology. 

On the principle that there is no palfieontology witliout natural 
history, that there is no natural history without {reolop}*, the re- 
lations of li^-ing to extinct forms have been borne in mind in all 
the arrangements of this Museum, and in all the duties of those to 
whom the charge of the fossil collections, made by the Geological 
Survey, has been assigned. MoreoTer^ in order to carry out 
tliis view to its fiillest extent, tho officers of the palsontological 
department are required to take the field when investigations 
d^iand iheir presence, and to study the occmTcnce of organic 
remains in the rock, as weU as in die cabinet To do this they 
must necessarily make themselves familiar with the practice of 
geological research. They must learn to appreciate the exact 
bearing of physical and mineral conditions on oiganic remains. 
Such, too, is clearly the method by which a knowledge of 
palaeontology of practical value to the mining student can be 
acquired. 

In conducting the business of this class, I look forward to 
the holding of field-excursions, regarding them to bo quite as 
essential as lectures for the instruction of the student, who to 
benefit by his studies must become a practical fossilist, and learn 
to obser\'e carefully fossils in situ, and apprec^iate on the spot the 
evidence afforded by their associations. During the progress of 
our Avinter-courses this can be done effectually in the neighbour- 
hood of London, or by means of the facilities of transport 
afforded by lines of railroad. I ti-ust that before the end of this 
session a compact band of undatmted investigators, belted, 
strapped, and bag-bearing, armed witii stout hammeis and sharp 
chisels, under the veteran generalship of our director-in-ehief, 
and officered by my mineral and geological colleagues and 
myself, will make the rocks shake and )ield up their treasures 
for many a mile around the great metropolis. 

In teadbxng tiie natural history of organic remains* we shall 
enforce the practice of the observation of them mainly through 
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firitisli examples. The prindpks of tiie study shall receive a 
wider range of illustration. But to learn details sorely, we 

must acquire our knowledsre tlirouffli that wliich is most pre- 
cisely known. We hii\c abundaiiL materials in this Museum 
for the minute investigation of the fossils of an aiea in a p;eo- 
logical sense probably the most important and typical of [)io- 
vinces of the earth's surface. Tlie value of the collection does 
not depend merely on the number of species or beauty of speci- 
mens, though in these respects we have much to boast of ; it 
is due to the minute information preserved in our records 
respecting the history of individual specimens. Every foesil 
collected duiing the operations of the geological survey has a 
value fiir bejond any accident of fineness or rarity. It has been 
selected especiallj and precisely in duddadon of a geological 
ftct It Is a lasting and ever-consultable memorandum of a 
geolpgieal observation. Its locality, its associates^ the abun* 
dance or scazeity of individnak of the spedes at the spot and in 
tlie stratmn where it was found, the mineral diaracter of the 
rock itself, the condition of the qtedmen — whether indicative of 
entombment when alive, or of death before becoming imbedded, 
or of transport before reaching the spot where, invested with 
sediment, it became innnorLalized in stone, — all these pc^ints, 
essential to an accurate, to a scientific know ledge of the fossil, 
have been carefully noted and recorded ; and the specimens 
incorporated with the survey collections are worthy associates of 
them. We know who collected them, and how they were col- 
lected; and before they find a place in our cabinets their 
history has been traced and certified. 

Such materials give confidence to the student. Tie feels that 
through them he may acquire information calculated to assure 
him in his after researches ; he imagines for himself a safe type, 
a standard of comparison by which to test less perfect data. If 
lus fate should lead him to undertake geological, mining, or 
eoploring adventm!e8 in distant and little known lands, he will 
find himself for better qualified to draw condusions respecting 
the age and position of fosdliferous strata than if he had come 
to the inquiry with a vague general knowledge sach as he 
might gather from the inspection of a universal collection ; for 
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an.intunate aeqtumtanee mill die fofisQs of .all regions eoidd 
Boi be acquired by him eren chmng mmj jetts. Hebaskfml 
DDt only h$w to obaenre, bat alao what to obeero; be Jm 

gone through that wholesome tnumng ^fbich monographic 
exercises iu any of tlie divisions of natural history invariably 
give. Without it, zoologists, lx)tanists, and geologists must l^e 
content to take i)lace among mere dedaimcrs and talkers abont 
things, which, in the absence of practical kiiuwledge, all jH»:3bible 
leading aud lecture ! i-tojiiM!i "^vil] fail to make them understand. 

The collections of oj'gauic reniaiiLS displayed iu the galleries 
of this museum are not of interest to the btudent ouly, thay 
have a public value : they bear testimony to the correctness of 
007 knowledge of the geological struetone of the BriUab Islands ; 
and, wbere they ooiucide with the operalioiis of the geologioal 
Virrey, pramt tbe minutest evidence of ihe age aod featurea ft 
tbe strata explored, as Ihr as fossils can aflbird such evide|iee» 
And as tibe economic value of geologieal obaemtioiis most ma 
depend on ilieir strict accuracy — on the confidence ibst may be 
placed in tbem by tbose wbo would InTCSt capital or {raecot^ 
iMeardies on account of tbear faith in data officially laid b^M^ 
ihe pubUc-^udh tani^ble proofs, open to tbe most sevcfie 
scrutiny, as collections of organic remains made on the spot by 
the ofHcers of the .survey, must have a ju'actical importance, 
upon w inch too much stress cannot be kid. 
' In a country where riches are a title to high esteem and 
power, any biiiiK li of science that has no direct influence upon 
moTu^v-iimking is likely in held in low estimation by the 
uii*Milii;liteued. The meaning attached to the word pradiml in 
England is often nearly synonymous with money^odxwiiig or 
mamy-saving. Although I would be the last person to nlaintain 
that scientific establishments should be supported by the nation, 
or sdentitic researches reepecied, mainly on account of such 
recommendation, I am not one of those who would sepanlte 
science from the ordinary pursuits of men, or who would desire 
to see philosophers withdrawing ihemselTes from Ihe multitndcti 
by keeping their thoughts unmingled with the meaner aims of 
the crowd. When science, provided she be mindful of her 
hcnour, and make no sacrifices of her love of truth, serves' af 
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the handmaiden of even the hnmblest of arts, her dignity gains 
in lustre, and her fiiiiiiliai ity breeds respect. There is no 
department of science without some ties with the comnion busi- 
ness of life. Even palaeontology mav have a direct lus well as 
an indirect intiuence on commercial enterprises. An example 
or two, out of many, may ^^erve ns an illustration. 

Not long ago considerable luiids were spent in a district 
in the west in a useless search for coal. The adventurers^ 
ignorant of geology, had set to work in dark Sihoiaa shales, 
ainong the oldest of stratified rocks, and £ar beneath, oar car^ 
bonifiBarons strata. Tlieir mineral aspect, lioweYer, resembled 
that of oerlain coal-«hftifi8 irith whiob the mmers were teailiBn 
Had iJiey possessed cfven a slight acquamtaiioe with (ngnik 
reiniuiis, tiiey would have abandoned their profidess eiperimebl 
st'tlie yeiy eommeiieeineiit; for llie shales in wliich tihey wttea 
working were charged with graptolites* extinct soopliTtesi 
which do not range higher llian the lowest foasHiferous groups 
and the presence of which indicated the tme dharaofter of the 
strata beyond question, llie fossils did not escape the notice of 
the miners. They collected them, and grew the more confirmed 
in their mistake ; for, unacquainted with the differences, they 
mistook them for coal plants. They might have bored through 
the earths centre \\ithout coming t^i ilir treasure they sought; 
their only chance of reaching it was by perforating quite to the 
antipodes. 

In a second example I was myself personally concerned. 
Some years ago, when as yet but a student attending the geOf> 
logical and mineralogical lectures of Professor Jameson, I 
opposed by letter in a provincial journal a mistaken enterprise 
upon whidi much monejr was unfortunately spent. The object 
of it was to sink through the old red sandstone, with the hope 
of i«aching coal, In a district where such a search was hopeless. 
The parties engaged were confirmed In their intentions lihe 
advice of practical coal-miners well acquainted with the collieries 
of the norlih of Enghind. These men argued, that since there 
were lunestone and sandstone similar to those rocks associated 
with coal, and overlying it, in the districts where they had woriced, 
therefore the strata were the same, and coal should be found. 
I pointed out, chiefly from the c>'idence of the fossils contained 
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in the limestone overlying the sandstone, tliat the rocks on which 
they proposed to operate were only like to, but not identical 
with, those to which they were oompared. I told them, — tiie 
warning was profoed in vain, — that they were throwing away 
iheir money. One of the shareholdets^ an intdligent man, and 
a reader of elementary works on gcolog}% replied to my objee- 
tions hy attempting to meet thmn on scientific grounds. In 
some old-fashioned books it used to be asserted, that shells of 
the genus cardium, — in plainer language, cockle-shells, — when 
found fussil, are characteiistic of tertiary strata. " Now," wrote 
my opponent, "cockles abound in the limestone in question, 
therefore it is tertiary, and the carboniferous strata must lie 
Ix'ueath." He had mistaken certain forms of terehratula^ shells 
of a Ycr)" different order, for cockles ; a ven'' unfortunate mis- 
take, for the error was persisted in, and much good gold turned 
into irredeemable dust. 

I hare dted these instances because they not only show how 
serious an error, leading to considerable pecuniaiy losses, may 
he committed in consequence of ignorance of science, but 
also are examples of the danger of inaccurate or fimded know- 
ledge. In both these cases the fossils were noticed, but^ through 
Ignorance of these distinctions, altogether mistaken. 

There is much popular paloontology abroad, as likely to 
mislead as to guide. The practical value of this section of 
natural history depends upon its certainties, and not upon its 
uncertainties. In the former dass may be placed the deter- 
mination which fossils afford of the origin of rocks, whether they 
be marine or estuary or IVu^h water deposits ; of the relative ages 
of sedimentar}^ strata; of the indications they give of tlie climate 
of difterent e[H)clis ; of thi inforniation they coiitribnte respecting 
the ancient physical geography of our liIoIk ; of the testimony 
they bear to the unity, harmony, and benevolence of the Divine 
scheme of creation, — the same during incalculably distant cen- 
turies of primsevai time as now. 

Under the head of uncertainties may be ranked theoricB 
of transmutation of species ; of progression towards perfection ; 
of uinversal difl^on of species at andent epochs; of the retro- 
grade development of animal and yegetable forms in time ; of 
original perfection and subsequent degeneration; of original 
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generalization of specific types, and subsequent specification ; 
of difterences in the physiological habits of creatures anciently 
and now. All these notions are liypothetically or theoretically 
advocated, more or loss, by men of science at the present day. 
All of them, it seems in me, are at best inductions fi-om insuffi- 
cient data. They may or may not be true, but at present, 
as we may see by a glance at the comparative extent of our 
knowledge of existing and eactinct forms, we are not in a con- 
dition to come to a decision on the important questions th^ 
involve. 

The collections of fossils displayed in the caMnets of this 
museum are highly illustrative of die great truths of geology, 
and are arranged so as to convey instruction on iJie fundamental 
princijdes of the science. The fossils of each formation, — ^in 
stricter language, the creatures of each epoch in the Preadamic 
history of the earth's formation, — are grouped together, and each 
group is displayed in strict geological sequence,^in order of 
superposition of strata. Whoever studies these collections 
carefully may craiu a clear conception of the nature of the proofs 
afforded l)y natural history of the vast tluiation of the earth, 
and the series of epochs, each characterized by a distinct 
creation of organized beings, that have preceded the present 
condition f>f animated nature. 

Although in the commencement of our educational efforts 
we can scarcely hope to embrace all the subjects that spring out 
of the arrangements of this Institution, it behoves us to look 
forward to the utilization in other directions than that of geolo- 
gical science even of its natural history resources. There is a 
great blank yet unfilled in the teaching of the numerous appli* 
cations which may be made of natural history to the arts. 
Charming as are the exquisite examples of ceramic, vitreous^ and 
metallic manufactures collected in our Museum, we cannot but 
feel that the workman, however fine his natural or acquired taste 
may be, is unaware of the vast variety of beautiful shapes and 
designs that lie unused in the treasury of nature. The aiding 
of the manufacturer in the perfecting of his works is one of the 
aims we profess. The chemist can teach him how to improve 
Ms materials, or furnish him with new substances and new 
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pigmenlB to use in his art ; lihe iiietBlIiii^g;iat can slioirlum lihoeo 
sMJlic compoimdi ihat can glfe liie finest eflbi^ to Ins castings; 
ibe mineralogist and giedogist can €fp&L oat firosh stores of om 
and eartlL soitablo for his operataons. Cannot the natoralist also 

come forth with frieildlj aid, and render some good seryioe ? 

The relations of natural history with the arts are of two 
kinds, either illustrative or suggestive. To the lir&t belongs 
the intjuiry into the nature and sources of the numerous pro- 
ducts derived from the animal and vegetable kiiigd(>m>, and 
applied, or capable of being applioH, as direct materials for arts 
and manufactures. A more perfect ac(puiiiitaii( L' with old and a 
discovery or indication of new materials adapted for the exer- 
cise of human skill and workmanship may thus be attained. 
But the naturalist may reader higher and at the same time as 
practical services to the craftsman, by famishing out of the 
endless store of beantiM olgects that are rendered &miliar to 
him hj his sdentifie pursmts sonroes of new and exquisite 
design, — fiinoies originating in the teeming brain of nature, — 
God-bom ihooghts, that become manifest in living shapes, — aO 
oonristenti-^never jarnng, — ^in every part admirably adapted to 
each destined purpose. Now the kvrs of these adaptations 
and hannonies, tib^ proportions by vdbich the beanty of living 
things is maintained, the ideas by which similar forms have 
been grouped in nature, and, though like exceedingly, yet 
wondrausiy dissimilar, — these are among the earnest studies of 
every philosophical naturalist. Suiely out of such studies 
lassons applicable to art may be derived I WTiatis ornam<^ntal 
art l)ut the isolation and embodiment in works of human skill 
of the beauty that is difl'used tln-ough all the works of God ? 
And that beauty lies, not merely in the bulk of objects, nor on 
their surfsoe, but is as manifest in every part and atom com- 
posing them as in the combined whole. It is in itself composite ; 
the combination, not of lesser, but of mxnoter beauties. To 
imitate, — ^to approach, — we most attempt a like arrangement^ 
in Older to obtain Ae same exquisite re»dt. And how, esnxpt 
through earnest and scientific study, can we attain the knowledge 
that shall enable ns to discover the pathway leading towards 
peffection? 
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On the Importance of Cultivating Habits of Oh&ervatim. {Tk4 
JsdritdMOUiry Lectim to tki Caum .m MBohamcal Sdmce, 
^SMm 1851-185S.) 

Bf Robert Humt» Keeper of Milking Reoofds. 



Ik studying the ph^oom^iia of liii]iiaii,progross we disooYer nuieh 
that is of the hi^est interest to die i^osopher, as fllustrating 
the manner in which the powers of mind have been turned to 
the investigation of the works of creation, and display iug, at the 
same time, tlie beautiful re-aetion of each discovered tmtii iju 
the improvement of man's social state. 

Tlie past must ever be the teacher of the present, and a 
bright or clouded tutm-tj is entiyeiy ^l^ndeut upon our appre- 
dation of its teachings. 

Man, gifted \y\\\\ exalted powers, is the inhabitant of a most 
wonderfully constituted world, and according to the industry %vitli 
which he exerts bis reason he becomtis the possessor of its wealth. 

The animal neoessities of the race are the primaiy exdters of 
the reasoning powers, and we find uncultivated man exerting 
his intelligence only to snare and destroy beasts, to famish him 
flesh for foody or stdns to shelter him from atmofiphericdianges. 
From diu state be advances to a paatoval one^ and studies to 
lessen his toils by domestictfting animals, and thus escape from 
the perils and imceortalntf of the cbaae. In the r^>ose of a 
abepberd's lifo babifes ol conteittplation appear to have bad 
flieir earliest birth, and the phenomena of nature to have 
interested the liuniau mind. Attention unco awakened to the 
ever-changing, still recurring operations of organic life, — to the 
mysteries of altematinir W^ht and darkness, — the gradual and 
r^rular passage of the seasons, — the beauty of the stellar vaults 
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and the nietwric displays which are for ever uccurring in 
ilv earth's atmosphere, — an imperfect science slowly crept 
into exiiLenec, the full development of which was Iohlt retarded 
by the misty su|)erstition \v\t\i which man invested ail things 
that he could not comprehend. 

Without attempting to analyze the psychological progress 
of man in his study of the exacter sciences, which will, however, 
be found to be dependent upon his habit of methodizing ideas, 
we may, by confining our attention to the simple discovery of 
natural truths, see that all advancement has been the result of 
txporienet. 

Facts frequently returning have at lengUi solicited attention, 
and thus is cultivated habits of obtervatian. By dose attention 
new features are discovered in the phenomena ; results which 
had long escaped casual and heedless glances are developed, and 

the mind is thus led up to the inquiry after the exciting cause. 
True science now begins, and the evidences of experiment are 
sought. A philosophic^al method is eventually developed, and its 
operations arc displayed in the careful ehi^sification of observed 
pheiioiiK iia, in tlie consideration of whicli tlic lunnan mind 
necessarily demands the assistance of theory; ami a> this is con- 
structed in accordance with trne oteervations, or in obedience 
to the exuberant thoughts of an imaginative mind, is the dis- 
coveiy of truth accelerated or retarded. 

To the record of careful observation we owe tlie first or 
initiative idea of every truth. The earliest duty, therefore, of 
every teacher is to train and edueato the mind in habits of dose 
and exact observation. 

Man cannot create, but be is endowed with powers by which 
he may examine everything which is created, and hj combination 
produce results which are to the uninitiated but Htde short of a 
creation, when applied to the amelioration of some of the neces- 
sities of mankind. Human intelligence has bound the physical 
forces to do man service, and all the great applications of 
science may be referred to in proof of the position that human 
progress Is directly dependent upon careful observation, and the 
hal)it of recording, in a s\ stematic manner, the facts which have 
been thus developed to the mind. 
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The history of every science affords examples of this; the 
devious and uncertain wanderings of the astrologer, the alche- 
mist, arjil the cosmogonist exhibit the severe struggles of truth 
through the mazes of imagination ; while the advaiiceiiieiit of 
astronomy, of chemistry, and gcohiffv may be appealed to as 
expressive of the advantages of working diligently with a system 
of observation for our guide, and waitiiig patienUy for the deve- 
lopment of the truth. 

It has been said, and fiaid too by a great autliojily, tiiat 
in experimental sdenoe vre owe much to acdd^it* Depend 
upon it» however, as a general rule, there ara no aoddents in 
sdenoe. It is true lliat often in flie progress of an investiga- 
tion an unea^peeted cireunistanoe gives rise to a new train of 
inquiries; new ideas are the result, and discoveries the con- 
sequence : if that whidi may be regarded as an accident does 
not generate a dear idea, and generalke a correct system of 
inductive search, it remains a valueless fact. 

Thales of Miletus observed, that amber l^eing rubbeil at- 
tracted light bodies. Here was a fact, probably of accidental 
discovery, which failed to produce a definite idea; and remem- 
ber, nearly 9,000 years passed away before man detected the 
truth that the electron of the Greek philosojdier was a source of 
the all-dit]iisive agency, electricity. Galvani noted the convul- 
sive movements of frogs, when the moist surface of their Ixwlies 
was in contact with two metals of unequal afhuity for oxygen ; 
this generated a correct idea in the mind of Volta. Step by 
step iTirluction has followed in this path, and we have, within a 
period of sixty years, the discovery applied to metallurgical pro- 
cesses of great utility, and to the valuable one of firing simul* 
taneously any number of holes in the operation of blasting 
rocks, by which the sinking of shafts and Hie driving of levels in 
our mines are carried on with great rapidity and mudi economy. 
FoUowing on the same tract (Ersted proved that a copper wire 
under the influence of an electric current became a temporary 
magnet. It was soon shown that an iron bar placed within an 
helix of such wire acquired most powerful magnetic properties ; 
and within Uvcnty years this knowledge has l)cen apphed to 
measure the tread of time, and to be the winged messenger of 
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hmnan thought, snipaasiiig bejond all limits the sge^ of die 
trickBj Ariel,** and leaving the hnnTing tempest like a laggard 
in its palL These ftcts were adduced by my eolleague^ Dr. 
Playfair, in support of his arguments when discoursing of Ihe 

value of abstract science ; but as it will be my duty to show you 
in the protrress of my course the experimental evidence to which 
reference' has l>eeii made, I have not hesitated alx»ut repeating 
the striking illustration which these physical forces lend to the 
position I maintain. T cannot allow the pi eseuL opportunity to 
pass without drawing attention to the evidence aiibrded bv the 
attempts which have been made to apply the electrical elemout 
as an illuminating and mechanical power, of the danger of at- 
tempting to do so before we have acquired an accurate know- 
ledge of all the phenomena which are involved in the conditions 
of the application. In the arc of light produced between the 
pi^es of a powerful voltaic batleiy wb obtain the most vivid 
illumination whidi can be produced by artificial means. In- 
genious medianical contrivances have been devised to render 
the distance uniform between the eharooal pconts, which form 
the polar terminations of the wires^ and thus to give steadiness 
to the electrical lights but since there is a constant transfer of the 
solid element fi*om one pole to the other» the required steadiness 
hii^ not yet been ol>tained. The question of the economy of this 
application, even if successful, may he conveniently eniliraced in 
connexion with the considcrati(»ii uf the applicatiMn of electro- 
magnetism as a motive i>ower. It has been stateti, luid is 
indeed now well known, that wo can obtain an enormous 
attracting and repelling force by the agency of electro-magnets. 
In some cases magnets have been j)laced upon the periphery of 
a wheel, while others have lx?en fixed upon a firm circle sur- 
rounding it. By mechanical contrivances the polar disposition 
of the magnets has been rapidly changed. The consequence of 
this is the exerdse of an attracting and repelling power, by 
which the whed is driven swiftly round. Anotiber form of 
construction, offering some advantages, is a cylinder, around 
which clothed copper wire has been coiled, thus forming a 
hollow magnet» into which another solid magnet represent- 
ing a piston is drawn, and from which, by changing the 
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poles, it is afterwards repelled. By this means a long stroke 

is obtained, aud hy a crank any kind of macliiuery set in 
motion. 

The first difficulty which has to be encountered here is the 
very great rapidity with wliich the power diminishes through 
space. An electro-magnet which sustain 220 pounds 
when the armature is in contact with its poles, exerts an 
attractive force of 40^ pounds when tlie armature is at a 
distance of one fiftieth of an inch only. Now you will per- 
oeiYe that under any of the arrang^nents which have been 
adopted the moving and the fixed magnets could not be 
brought nearer together ihan the fiftieth of an ineh; henee 
there is an immediato loss of four fifths of the power we have 
produced. 

The second difficnlly to which I had the satis&etion of fint 
directing attention in this oouutiy, although I have since been 
informed that it had been detected by Jacobi, is, that the moment 

the magnets begin to move there is a temporary loss of power, 
or, perhaps, it would be more conect to say, there is a develop- 
ment of an opposing force, by which the mechanical power is 
again considerably diminished ; and the greater the speed with 
which the magnets move, the more ra])idly does this rlecline. 
The report made by order of the AmfM-iean government on 
Professor Page's electro-magnetic eugiuo directs attention to 
this fact, wliich the reporting engineers were not able to explain. 
Mr. IQortht the most recent inventor and patentee of electro- 
magnetic engines, after tlie publication of my paper, observed 
the influence of these induced currents, and with a view to 
economy endeavoured to enqdoy them in effecting the jMBcqnt* 
ation of the 2ine» from the sulphate of zinc formed in the voltaic 
hatteiy employed, but without success. Such are the difficnltiea 
•which at present stand in the way of q i lying deotridty as a 
motive power. It may be said, that these resolve themselves 
into questions of economy. Granted. The whole of this question 
I have investigated with the closest care, and the result is, that 
a grain of coal consumeil in tlie boiler of a Cornish steam engine 
will lift 143 ])onnds one foot high, wliereas one grain of zinc 
consumed in the voltaic battery will lift but 80 pounds through 

W2 
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tho Ramo space. Now the cost of zinc is 2lG(?. i)cr cwt., while 
the cost of coal is Ijiit 9^/. per cwt. It will Ix; my duty to show 
and explain early in the present course of lectures that the 
deTelopment of power, of whatever kind, is always accompanied 
by a diaoge in the form of matter somewhm. To obtain a 
giTNi amount of exertion from a horse we learn that it is 
neoesstuj to give him a latger quantity of food than virhen he 
is at Test If we desire to impei a locomotive engine at a high 
velodty we are compelled to supply an increased quantily of 
fuel, that steam may be genmted wiih greater rapidity. We 
know of no development of force, whether heat, light, electricity, 
or muscular power, without such a change in the form of matter 
as amounts, to us, to its destruction. Muscle is consumed in 
every exertion of animal strength. Carbon and hydrogen in 
like manner are burnt in producins^ our artificial lights, either 
as gas, oil, wax, or tallow, and also iu the production of heat, 
whether in our domestic fires, the fumac4\s of oiu* luanuiVictories, 
or the boilers (»f our steam en«j^ines. We evoke electricity by 
several methods of disturbance, but we have only now to 
conf?ider that means of development wliicli depends u{>on 
chemical action. Although we employ magnetic force, this is 
dependent on the i>ower which is produced in the voltaic 
battery, and the zinc or any other element which may be 
employed is converted into some new form. Zinc^ for example, 
is changed by the action of sulphuric acid in the batter)' into 
sulphate of zinc ; and the advocates of the application of elec- 
tricity as an illuminating or moving agent on the ground of 
economy state, and truly state, that the salt may be reduced 
and the metal revived. From my investigations of the whole 
question I feel assured that I state a truth in saying the coal 
employed in reproducing the metal would afford as much 
light,, heat, or mechanical power as that obtained by the 
destruction of the metal in the first instance in the battery. 

Let mc not be misunderstood. In the present state of our 
knowled<ie I deem it hazardous to attempt to apply electro- 
magnetism instead of steam. Xotwithstandinor the rapid 
discoveries made in every branch of electrical research, and the 
great {lower which wc can command in our volt£uc an-angemeuts. 
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it must not be forgotten that the quantity of electricity ol)t,iinc<l 
is exceedingly small in comparison widi tlie quantity \s hick exists 
in the elements constitntinj: the Yuiii ii l>ntterv. Dr. Faradav, 
whose experimental researches in electricity must be regarded as 
the finest example of InductiYe investigation to be found in the 
annals of British science, and the most perfect exemplification 
of the philosophy of Bacon to which the student in physics can 
be referred, has proved that a single drop of water holds impri- 
soned in its liquid chains a quantity of electarioily which, equals 
tliat contained in an ordinaij thunder-dond. In ereiy fonn of 
the voltaic battery a very hag^ quantity of electricity is lost in 
passing from the liquid to the solid dement^ and the contrary ; 
so that in overcoming the resistance nearly three fburtbs of 
the power is consumed. 

Allow me to give another example of the value of close 
observation in connexion with magnetism. Dr. Faraday was 
the discoverer of the fact, that whvn a hollow helix of coj)per 
wii'e contiiining a core of soft iron was moved in front of or 
near the poles of a permanent steel magnet, electricity was 
evolved, and all the results of voltaism readily produced. Hence 
the formation of ma<]^eto-electrical machines; and in the great 
electro-plat in<j establishments of liiiiniugham we may see the 
process cai'ricd on by the cunent thus generated by the 
revolution of coils of copper wire placed on. an iron armature 
near the poles of an ordinary steel magnet. 

To the true philosopher eveiytiiing, hovnoever insignificant 
to ordinary minds, is felt to deserve attention, and the minutest 
phenomena claim the most accurate study, A body falls to the 
ground,»a drop of water banging from a rod, or resting on a 
leaf, assumes a spherical form. Nature is asked, Why is thisi 
and the answer is the discovery of tiiie law of gravitation, b} 
which power each planet is retained in its orbitual path around 
the sun, and tJie entire solar system, held as completely in 
union as the particles of the water-drop, moved through space 
under the influence of a gravitating force i-esident in some far 
distant and probably unseen star. Reflection on the discovery 
of the planet Neptune must lead to the conviction of the truth 
•of the Newtouiau law of gravitation. 
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Up to the year 1804 the planet Uranus moved in its orbit 
>\ithout any api)earHiice of distTiibini]: influences ; but at that 
period an acceleratc'd motion became evident, and this con- 
tinned nntil 18^? 2, wlien the planet's rate of progress was 
retarded, and this has continued to the present time. It was 
felt that according to the law of planetary disturbance, the 
gravitating action of Jupiter and Saturn not being sufficient to 
explain the perturbations, it was probable that a mass of matter 
exterior to our known system was the exciting cause. In this 
state of the question the foUowing problem became the subject 
of inTestigation to Mr. Adams, in England, and M. Leverrier, 
in France, unknown to one another Gwm the duhii^aince$ 
to find ihe arhilt, and place in that &rbit, <>/ the disturhin(jf pUmet.** 
These geometers arrived at conclusions difiering from each 
other only 19'; and M. LeTenrier having announced to 
Dr. Galle, of the Royal Observatory of Berlin, the position in 
which a new planet, — the distnrbinir cause, — should be found 
according to his calculation ; on t!ie very night of the <lay on 
which the letter was icccivi'd ilu astrojioincr of IkTlin dis- 
covered the planet No]>tnne in a point of space dilferin^ only 
47' from the mean of thv two fulculations. The planet Nep- 
tune, like the old planet biiturn, is surrounded by a ring. 
Allow me for one moment to direct attention to some experi- 
ments by Plateau on the condition of bodies relieved from the 
influence of gravitation, which appear to show that the remark- 
able phenomena of these two planets, with their luminous rings, 
are due to the influence of motion exerted under peculiar con- 
ditions. If oil 18 dropped upon water it swims; if upon 
alcohol it sinks ; but if we make a careful combination of 
water and alcohol we obtain a fluid of ihe same specific gravity 
as the oil, and the globule of ofl vnl\ svnm in the very centre of 
the fluid, a perfect sphere. If into a properly arranged glass 
box we pass a fine wire through the sphere of oil, and by means 
of a handle cause it to revolve slowly, the sphere becomes an 
oblate spheroid ; by increasing the motion we flatten it still 
more, until at a certain rate of revc>lution it iHconies a disc, 
when a ring ot oil is thrown off from the central globule, and 
although separated by intervening water, it revolves at precisely 
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the same rate. It is not a little interestiiig thus to tiud 
meohanical science affonling us the means of explaining the 
grander phenomena of creation. 

The force of gravitation has its practical application in the 
ordinaiy forms of water-wheels, the foiling water producing a 
contlnnons circular motion. In the hydraulic pressure engine, 
of which we have a beautiful model in the museum, the gravi* 
tating power of die water is the moving force. In the wind- 
mill we see the operation of the same power ; and in the earlier 
engines, as those of Newcomen, Saver)', and Watt's first single 
acting engine, the return of a heavy mass under tlie influence 
of gravitation and the atmospheric pressure — a result of the 
same principle — was the leading element ol pu\ver. The works 
of Arcliiniedes and of Hiero of Alexandria show ns that the 
ancients wore well aciiuainted with the operations of this 
agent, although they liad not arrived .at any corrix't idea of its 
law of action. It is to a neglect of the laws of gravitating 
force, and of the principle of action and re-action which prevails 
in every mode of motion, that the idle problem of producing 
perpetual motion has so frequently led ingenious minds aside 
from the path of usefulness which they would otherwise in all 
probability have pursued. 

To continue our examination of the importance of minute 
observation, every step of progress from ihe employment of 
steam to produce a continuous motion, by Ptolomy Fhiladelphus, 
130 years 6.C., to the discovery by Watt of the expansive force 
of steam in 1782, might be quoted in exemplification. 

We find Branca and Kircher employing the force of a jet of 
steam to drive tlie vanes of a wheel. 

Baptista Porta observed the pressure exeiled by coutined 
steam, and lie nsed it to raise M ater. 

The discovery of the pressure of the air, n)id the investigations 
of Torricelli, I'ascaJ, Guoriclve, and Boyle, led to the cc)nstruction 
of engines by Worcester and Pajiin, in which the elastic force 
of steam and i^tmospheric pressure were combined in action. 

Thomas Savery, carefully studying all tliat had been done 
previously, appears to have fii-st conceived the correct idea of the 
force, and to have applied it with much greater success than any 
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of Ills predecessors* In 1698 lie got a patent for Ids disooveiy, 
calling it an invention **far ramng water, tmdoeeammng mfftim 

to all sorts of mUlworh, by the impdUnt force of fire.'* 

NcwcomtMi, ail ironmonger at Dartmouth, associated himself 
"with Cnwley, a plumtier of the same place, and they together 
carefully investigated the pheuornena of atmospheric pressure, 
and the formation of a vacuum by the acrency of steam ; and 
^^ewconii 11 certainly transformed an iinpej tV ct, and for many 
purposes a useless machine, into a really etticieut steam enp:ino, 
which could be applied profitably and safely to the most 
important uses. Newcomen should share a j)edestal by the sido 
of Watt; the ingenious contrivances of the obscure ironmonger 
of Dartmouth, the result of minute ol>servation, have had 
much to do with the advance of civilization. 

Of the inventions of Watt it is scarcely necessary to speak ; 
the fertility of his genius is known to all ; and the history of his 
progress informs us tiiat every advance made by James Watt 
was a comment on the text I have chosen, — the value of 
observation* Of the importance of the 2nventi<ms of James 
Watt well may Arago, in bis Eloge, speak as follows : 

"We have long been in the habit of talking of the age of 
Augustas and of the age of Louis XIV. Eminent individuals 
amongst us have likovise held that we might with propriety 
speak of the age of Voltaire, Rousseau, and Montesquieu. 1 do 
not hesitate to declare my con\nction, that \\hen the immense 
services already rendered by the steam-engine shall be added to 
all the marvels it holds out to promise, a grateful iK)pulation 
will then familiarly talk of the ages of Papin and (^f Watt." 

lleat, as a force or principle, most intimately connects itself 
with the steam engine, and we are hence led on to a considera- 
tion of some of the phenomena which are associated ^ith calorific 
action. Water at the level of the sea boils at 2 1 2^ of Pahrenheit 
when under ordimuy conditions. The minute observations of a 
Belgian engineer have led to the discover}' that when water 
freed from air is exposed to heat, ebullition does not commence 
until it arrives at a much higher temperature, and that then it 
occurs with almost explosive violence. He has also proved that 
if water in this state is brought to the temperature of S50^ or 
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260°, and then a single cirop of water containing iih- ho allowed 
to Ml into it, that the whole volume becomes agitated in a 
terrific manner, that indeed an explosion occurs. 

Who amongst the thousands inhabiting those regions of the 
earth, where water is rendered solid by the r(Mluction of the 
winter temperature, but has noticed tho air buljbles enclosed iu 
the transparent ice ? None of these thousands discovered a great 
fact in this until Professor llenry was led to examine it. The 
jresult of that investigation has l^een the discovery of the 
remarkable truth, that water in the process of congelation 
actually squeezes out eveiything it majr hold in solution, and 
becomes far more pure than it can he rendered bj any othor 
means. If water holding air, colouring matter, or saline bodies 
in solution 1% while being frozen, kept in a state of slight agita^ 
tion, the air, the colour, and the salt are all rejected alike, and 
a tasteless, colourless^ transparent ice remains. It is curious to 
see how near a great truth men often are, and how long they 
allow it to escape them. It has been the constant practice of 
the Russian nobles to jilace their wines in ice until they were 
frozen, for the })urpose of obtaining the small (luautity of ardent 
spirit left in the centre of the mass. The wntvr of the wine in 
freezing lilxTated the alcohol and flavouiiug matter, and a 
jmngent cordial was thus obtnined. 

Ice thus free of air, if un ited out of contact with the atmo- 
s})here, may be hi'ated to nearly 300°, when, instead of boiling, 
it explodes. How nicely balanced are the conditions of all 
things in nature ! We now learn that if water was not the ail 
absorbing body which it is, it would be as dangerous to expose it 
to heat as gunpowder or any other explosive compound. Thia 
interesting discovery promises to throw some light upon many 
of the steam-boiler explosions, which will form a sulject of 
inquiry in the i^esent course. As another illustration of the 
manner in which we have, from the defective diaracter of our 
education, allowed {dbenomena continually presenting themselves 
to us to escape attention, look to the investigations of Boutigny. 
That dnrgs of water thrown upon hot iron arrange themselves 
into spheroids, and move about with a peculiar internal motion, 
is nothing new. Yet who amongst us suspected that these 
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dancing drops were tellinjSf a story to man which will in all pro- 
bability complotolv changi' our ideas of the profnTties of heat? 

If two similar metal vessels are taken, and ()nc is filled with 
water, which is allowed by the action of an ordinarv fire to boil 
in the common way, we know what then takes place ; hut if 
we allow the other to become red-hot before we fill it with 
water, and when fnll mmntain it at a red heat, the water 
will never boil. The former vessel will soon be emptied by the 
evaporation of the water in ebullition, but that water in the 
red-hot vessel forming itself into a ^hmid, rolls about, it 
never gains a higher temperature than 150* or 160% and it 
evaporates but slowlj. Again, at the temperature of red-hot 
iron chemical affinity is suspended, and if we project into an 
iron crucible thus heated, many bodies ha\'ing the mo.^t ] uwerfdl 
affinity for each other, they will not enter Into combination, 
but remain separate spheroids rolling around each other. The 
investigations of Boutigny in this path have proved that the 
repulsive power of heat at elevated temperatures is so great 
that the naked hand mav be plunged into melted iron without 
injury, and that the wnndioiis feats of the IMagians and the 
triclv- < t the conjuror can be ]H'rforTiio<l with impunity bv the 
philosopher. No less than three jiatent.s have been taken out 
in England for generatiuLT steam with great rapidity. Tn one 
water was dropped into red-hot tubes, in another it was thrown 
upon red-hot plates of iron, and in another heated mercury was 
employed. It was thought that the water would be flashed into 
steam, and an immense power obtained, but in every instance 
failure followed the experiments The investigations of Bou- 
tigny show the cause of failure, and prove the importance of 
experiment at eveiy step we make in our endeavours to em- 
ploy the great powers of Nature to do us service. Recently in 
France attempts have been made to employ water in this 
spheroidal state to work a marine engine. It being thought 
that as <he vapour whidi escapes from the spheroidal water 
is of the high temperature of the surfto upon which it is fbrmed, 
that it would, from its extreme tension, furnish an enormous 
amount of jjower. ike experiment has not been, e\t*u hi this 
case, successful hitherto. 
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Mr. Woolfe, to whom the Cornish steam engine is indebted 
for many improvements, onco tried an experiment in iho 
presence of Mr. Davies Gilbert and some otlier gcutiemcu 
of a very remarkable kind, the result of which bears in a 
striking manner on the investigations alluded to. A measured 
quantity of water was placed in a boiler, all the safety valves 
vrere most earefully riosed, and every chance of the escape of 
steam prevented. The fire was now got up, and for some time 
the steam gauge indicated a regularly increasing pressure. At 
lengtliy to die stuprise of all, the pressure was seen slowly, but 
gradually, to dinunish, and although the boiler plates became so 
hot as to char the wood which surrounded them, this remarkable 
phenomenon continued, and when the boiler had cooled it was 
Ibund that no water had escaped. These investigators conceived 
no correct idea from this hazardous experiment, but it was the 
Cai guard do la Tour experiment of enclosing elastic fluids in 
hermetically sealed tubes, repeated on a large scale, and it 
showed, as all the experiments of Boutigny show, that notwith- 
standing our boasted knowledge we arc yet iguorant of the 
laws whicli govern thu operations of heat when its excitation is 
elevated. The decomposition of water by heat, a.s discovered 
by Mr. Gro%x% belongs to tliis class of i>lienomena, and Dr. 
Robinson, of Armagh, in considering the t xperiment, speculates 
on the probability, thai at a certain point heat may be changed 
into a chemical force^ similar to those radiations from the sun 
which effect the changes now familiar to all of you in the 
phot<^graphic processes^ to which the term Actirmm has been 
generally applied. 

Although it will be my constant endeavour to explain with all 
care the useful applications of science ; to show how thoroughly 
associated science and practice should be, I shall never fail to 
direct attention to those experimental evidences which enable 
us to interpret the great phenomena of nature. As a culti- 
vator of physical science I feel that half of the advantages to 
be derived from the study would be sacrificed, if the satisfactory 
manut r in which advancing science opens out to the cuiiU*m- 
plative oli^t r\ Lr new harmonies in creation, and tentls tu exalt 
the mind to higher and holier aspirations was not shown. 
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In oonnexiozi with heat^ ofaBeration has fnored to ns nume- 
rous important points relative to its distribution over the earth^s 
surface. The Isothermal bands connect tiiemselves with the 
phenomena of animal and yegetable distribution ; and still more 
strikingly we arc beginning to discover an intimate connexion 
between those regions of mean equal annual temperature and 
the great plieiionieua of terrestrial magnetism. The conditions 
of the ocean currents, — as, for instance, the Gulf stream 
setting northward from the Gulf of Mexico, and ameliorating 
the conditions of our own winters, — are worthy of carcfiil study. 
The waters of the sea ujion our western shores are alwnys 
seveml degrees warmer than tlie adjoining laud, and duiing 
last winter the ocean temperature was found to be two degrees 
higher than usual. May not the mildness of that season have 
been due to the influence of that current of water, wanned in 
inter-tropical climes, flowing northward, and yielding up its 
store of heat to the shores of these islands? 

This ameliorating influence is strikingly shown in N<Hrway. 
On the southern coasts of that coimtry, which are sheltered 
from the Gulf stream by our own idands, tiie cereals will not 
grow; but further northwards, where the great current setting 
to the north of Scotland reaches the Norw^^ian shore, the cli- 
mate is rendered suffidentiy mild for the growth of grain crops. 

Again, the trade winds and the monsoons are entii*ely 
dependent upon the operations of heat ; and careful observation 
hiv^ shown that tlie tornadoes of the West Indies and the 
cyclones of the Indian Seas are enturely due to the action of 
currents generated l)y the intensely heated suiface of the eai-th. 
Notwithstanding the valuable researches of Sir William Reid, 
and others, proving the rotatory character of these storms, I am 
not Fatisfiod that we have yet had a correct theory of the 
physical causes in action to produce them. 

These storms are revolving masses of air, with currents 
rusliing from the circumference to the centre, and blowing up 
through that centre ; these systems of air in violent motion 
beiiio: sometimes many hundreds of miles in diameter. 

The simplest explanation appears to be^ that a comparatively 
small column of air is formed by contact with tiie heated earth, 
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wLicli ascends with much rapidity. Take the example of a jet 
of steam, which in rushing from a boiler under high pressure 
draws all surroun(hng light l^odies into it, and urges them ujv- 
wards ; the same phenomenon is shown in rapidly flowing water. 

jot L;cii(*rfit<*s rapid cmients on every side; these increase 
the (liuiiicti'r of the moving mass, and it procuresses, continually 
increasing in size ; all the currents rushing in towards a moving 
centre, and upwards through that centre as through an inverted 
tmmeL The barometer is the truthful indicator of a diminish- 
ing pressure as the centre of the storm ap]>roaches the place of 
oliMrvatien; and thus the mariner is» by careful attention to this 
instarninenti enabled to detomune the exact position in which his 
flihip may be placed relatiye to that centre. 

Hie importance of a knowledge of the Law of Storms* and 
consequently of tjie means of escaping from die influence of 
tliese hurricanes, and of indeed employing them to aid the ship's 
progress, cannot be overrated. The development of the Law 
fimdshes a fine Instance of the value of observat&m. 

Examples of a similar kind might be quoted in connexion 
witli electrical science. Careful observatioii has dispelled the 
erroneous idea of metals l)eing lightning attractors; and we 
must bo charo(x^d \sitli nof^ligence if wo allow any elevated 
building to be AUtbont its pointed rod, by which the thunder 
cloud may bo quietly discharged. Tlie lightning is no more 
attracted by a i)ointed metal rod than is the rain fallint,^ ujion 
a housetop attracted by the pipes placed so as to allow the 
water to How to a lower level ; the rods furnish the channel 
through which the electricity freely flows; and tower or ship 
may be surely protected if provided with bands or rods of 
copper sufficiently large to carry oif the accumulated electrid^, 
and to restore tho equilibrium of forces. 

The electricity of mmeral veins has been a subject of much 
interest; it havii^f been supposed that the currents detected 
were indications of the operations of this agency in producing 
the metalliferous deposit. From my own investigations in the 
principal mines in Cornwall I am disposed to consider these 
dectr^ currents as due to the chemical decomposition going 
on within the lode itself. It must, however, be admitted that 
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the peculiar diqiositioii of di»rifnfl«r ates vithm the mbA 
nuneral lode^ ihe alteration in libe diaiaeter of the lode of 
Ydn after a dislocation lias taken plaee» the generaUf mdfoim 
direction of lodes^ and manj other phenomena vhieh it will fall 
to the province of my colleague, Mr. Warington Smyth, to 
describe, appear to show the probability of sudi a power as 
electricity, in some of its modifications, being the exciting agent. 
Tliis is one of those extensive subjects which yet remains open 
for the investigation of an intelligent and indusliiuus observer. 

In a course of lectures which is to embrace a consideration 
of the pliysical forces tlie j)hen()mena of the solar radiations 
cannot be omitted. The jiracticc of photoirraphy 1x}1(>iil^s to 
these, and furnishes another choice exam})le of my text, — the 
value of observation. The alchemists obs^ed that a certain 
salt of silver was blackened by the solar rays ; but as this did 
not generate in their minds any correct idea, the truth thus 
discovered lay dormant for ages. Eventually the Swedish 
chemist Scheele discovered that a certain cIiibs of the solar 
rays only possessed the property of darkening this salt of sOver . 
Following in his tract» M. Beiard at lengtih, by an important 
series of researches, determined the extent of chemical aetton 
at dther end of the solar spectmm, and speculated on the pro- 
bability of light and the radiations producing chemical change 
being dissimOar agencies. These inveetigations led up to the 
first photographic experiments which were made by Wedgwood 
of I'^tiiiijii, whicli. although not successful, as far as the fixing 
of the pictures ol>uuued, were interesting examples of the pro- 
duction of images by the pencil of the sunbeam. Niepce and 
Daguerre, and mine recently Fox Talbot and Herschcl, in- 
vt^stiofated the i)henomena of chemical change as })rDduced by 
solar radiations; and the perfection of all the processes of 
photography is the reward of the careful observation of the 
change of colour produced in a white compound of silver 
and chlorine. Omitting, however, all mention of the use- 
fill applications of photography as a means of making philo- 
sophical instruments self-registering, allow me to state that 
a careful investigation of the thermic influences of the soUur 
spectrum, assodated with a physical analysis of varions traD*> 
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parent madia, led me to iha daaocnery o£ a ^tees, hat sIIgLtly 
oolomed green, wych possesses the property of separating and 
keeping back a class of solar rajs remarkable for dieirsoorchiiig 

power, and which, without obstructing any of the necessary 
radiations, thus protects the tro})i('al plants in the great con- 
servatory of the Royal Botanic Gardens of Kew from the 
injurious inlhiences of scorching sunshine. 

Ilie solar spectrum exhibits several distinct phenomena. 
Light, heat, and cheuiical action are evident ; and these give 
rise to electrical disturbance. Beyond these a chtss of radia- 
tions have been detected, which have the combined action of 
the heating and chemical rays, but which are in many respects 
dissimilar to cither. These rays mcrease in quantity relati?elj 
to the other principle as the seasons advance ; they being most 
abnndant in the antumn ; when, in all probability, they perform 
an important part in the ripening of firuit. These are the rays 
which, it has been fbnnd, operated to produce a kind of scorch- 
ing on the leaves of those plants which grow in hotises glased 
with a white gltiss. To obviate this, was tiie problem submitted 
to my care ; and the suns of two summers and autumns have 
shown that my experiments did not dec^ye me. No case of 
scorching has taken place upon any of the plants in the beautiful 
palm-house in Kew Gardens. It is important to state thai, 
an en tin absence of manganese in the nuinufacturc of the 
glass i:^ demanded, and that the addition of a small quantity of 
oxide of copper is required. 

Did time permit me 1 might proceed t » show you, that even 
th<^se discoveries which have most tlie character of accidents, as 
that of iodine by a soap-boiler, and of the beautiful blue pig- 
ment, ultramarine, in the manufacture of soda, ceased to be so 
by generating ideas which led to their scientific investigation. 
Iodine and artificial ultramarine fonn large branches of in- 
dustiy, both having resulted from careful observation ; and in the 
latter instance we have produced a pigment which formerly cost 
eight guineas an ounce,' but now to be obtained for less than 
eight shillings a pound. Learn to observe closely and accurately, 
and numerous other sunilar results must be the reward. 
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Mechmiical fioienoe embradng a consideration of aUihe means 
of employing the powers of Natiue to aid xnan in subduing 
Nature, is necessarily a wide field. It will be mj object in the 

first course of lectures on applied Physics to deal simply with 

the rudiments of our science, advancing gradually to the higher 
phenomena. To show the intimate connexion of science and 
jiractice, the one aiding and advancing the other, will be my con- 
stant care, and in expounding the discoveries in Natural Science 
I ho}>e to lead the mind to the study of tko^ euuobiing truths 
which constitute a 

" Divine Philosophy ! 
Not harsh and crabbed as dull fools suppose 
But musical as is Apollo's lute, 
And a perpetual feast of necUrVl sweets^ 
Whefo no erndo mifelt reigna.* 
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On the Science of Geology and its ApplicaH&ns. (fitSmg ike 
Introductory Lecture to tke Courte of Geolo^, Session 
1851-1852.) 

By AiTDREw C. Ramsat, F.R.S. 



C bh otbibb have passed smce some of die moie obrioiis of geo- 
logical pfaenomena first began to attract the attention of a few 
of the earl J cnltiyators of natural science; bat it was not till 
after the reyival of literature in Europe, that some of the 
subjects contained in the wide field of theoredcal geology began 
to be actively canvassed by many bold and inqmring spirits. 
For nearly three hundred years numerous authors touched 
upou tlie subjceL in their writings, or devot^^d elaburato treatises 
to its ilhistration : the works of such mcu as Fracastoro, 
Leonardo da Vinci, Sfceiio, Scill;i, Colonna, Moro, and Generelli, 
in Italy ; of Palissy and Marsilli, in F rance ; of Raspe and 
Fuchscl, in Germany ; of Woodward, Rii\, lltiok, Strachey, and 
Mitchel, will ever be interesting to the student who delights 
to trace the early development of the science : and though its 
progress was slow, (down almost to the time of some of the 
living fathers of a more advanced geology,) yet great was the 
benefit it derived from the interest excited by the continuance 
of speciUation, whether true or fidse. Few believed, yet little 
by little some scattered truths were elicited, which by degrees 
prepared men to throw aside &e prejudices that restrained 
them from grappling with the subject in the only manner 
that could ensure its full development For geology was not 
so fortunate as chemistry, when princes vied with each 
other in the encouragement of alchemical discovery. There 
was nothing heretical in the transmutation of baser metals 

a 
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iiUo gold. Geology, on tlie contrary, was long esteemed a 
pestilent heresy, and though its cultiMitnis escaj>cd the prison, 
yet^ evon to our own day, a few angrv men are not found want- 
ing, who, steeped in ignorance or a niistiiken z< al, still rc echo 
the time-worn cry. For all purposes of the continuance of 
error, that time has however passed away, and educated people 
cease to regard as dangerous, and the disturbers of truth, those 
who follow to the utmost the legitimate investigations in physics 
and natural histoiy opeoed oat by the eemprehensiTe labours 
of the geologist 

No scieaoe» save chemistiy, has in the same short time made 
s\ieh rapid advances as geology. While the former began to 
assume its true position imder Black, Cavendish, Priestly, and 
Lavoisier, geology received anew stimulus in the grand generar 
ttsations of WMer, Hutton, Cuvier, and Smith ; and of late 
yeais so rapid and wide-epreading has been its progress, that no 
single mind can grapple with all the details of its nmneroiis 
branches. 

Of these the chief are :-~ 
1st. Physical geology. 
2nd. Palaeontology. 

The first deals with the nature and modes of formation of 
rocks, such as the laws thai rcirulate and have regulated the 
oriij-in and manner of distribution of strata, the nature of sub- 
terranean heat, its present and past eftects Ix'ncrLtli the surface 
of the globe, and the exterior igneous phenomena dependent 
on its operation ; the disintegration, alow movements, or more 
violent disturbances traceable to these, or other causes, of which 
the present configuration of land and water is the sum ; and the 
means consequendy yielded by these apparent breaks in the 
continuity of order, of demonstratbg the law of the snpeiposi- 
tion of strata, and of succession in geological time. 

Here it is that palseontology, or the histoiy of the old life of 
the world, comes to our aid. The time is not very far removed 
when, under such names as giossopetrss, cockles, and petri&e> 
tions, those wonderful organisms that abound in rocks, were 
confounded by the curious with crystalline and o&er mineral 
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substances; and though Hook lia^l hinted nt, and Fuchsel al- 
most pointed the way, it was not till William Smith clearly 
enunciated the doctrine of the characterization ( >( mussvs of siij>er- 
imposed strata by distinct a^s^emblages of fossils, that their study 
acfjuirefl that scientific vahie by means of wliieli the geologist 
is enabled to identify groups of strata, though broad oceans roll 
between. Miscellaneous heaps of organic remains, collected 

- without referenoe to their geological locality, have no longer 
aay beyond an aoci^Dtal value to the scientific geologiati nor 
ean an eaxnest worker in the broader fields of the science new 

'8flbfd'to consider the labours of the palaeontologist as extra- 
neons to his olgeot. They aie indisBolably linked togetber; 
the eridence afforded by eadi is indispeBflahle to tlie other ; and 
dKmgii a man may be a geologist without being thoronghly 
Torsed in pabeontolagy, yet if he wish to qnalify himself fiw 
WQik; whe^er economic or tfaeoretica], that may extend, beyond 
the petty details of mere local operations, he will find it needfU 
to be aoqnainted at least wiih the principles of palaontology, and 
to fandlkrize himself with the general groupings of the organic 
forms preserved in the larger subdivisions of the strata that 
constitute by far the greater proportion of the rocks compos- 
ing the crust of the earth. 

So also in mineralogy, a science that by many has Ix^en 
lo'^kcd on as a mere branch of geology. Viewed in such n li^ht, 
geology beiiij^ the history of the earth, animate and inanimate, 
we might well ask, how many are the material sciences that do 
not, directly or indirectly, spring therefrom ? No man considers 
comparative anatomy a mere branch of geology. Neverthe- 
less it is an essential ally. So is it with mineralogy, the modem 
progress of which rather throws it into the domain of physics 
and chemistry ; for, though the natural substances with which the 
mineralogist deals all constitute parts of the cmst of the earth, 
they yet include many a form that rarely or never comes under 
the observation of the geologist. Still, the exterior mass of the 
earth being fi>rmed of minerals in one state or another, the study 
of mineralogy is indispensable to the geological student. 

The same may be said of chemistry, which now begins to 
throw a little light on some of the more obscure problems of 

as 
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geology; as, for lostanoe, lihe metamorpliism of rocks, and the 
dieory of Yolcaaoes ; a fine example of wlucli may be cited in ibe 

beautiful investigations of Professor Bunsen, in Iceland, where 

some of the chemical processes consequent on volcanic action 
may be studied on the spot, thus aiding in the explanation 
of ])henomena exhibited in volcanic districts of all geological 
ages. 

The true beiuing of the first part of these observations at once 
becomes apparent when applied to a passage in the history 
of geology. Before the time of Werner, more than a century 
^vas required to elicit the scattered facts and generalizations 
deduced by previous observers. Of Werner it might be said, 
that ^* his merit consisted in this, that he infused into the body 
of the science a new spirit."* The breadth of his views reflect- 
ing the universal supeipositien of strata, bis application of thar 
structure to mining, and the eloquent sinceri^ with which he 
advocated his doctrines, raised an enthusiasm that spread over 
the continent of Europe, and gained numerous disciples to the 
cause. 

This, perhaps, more than counterbalanced the prejudice 
suftered by our science; in the promulgation of the eiTOueous 
hypothesis that the ancient rocks of every description were 
successively dejK)site<l over the whole earth, from aqueous sus- 
pen5;inn or .solution in a "chaotic fluid." llie very excitement 
rouse<l by tlie bitter controv(M*sv maintained between the fol- 
lowers of Werner and the more philoso})]iical disciples of 
Iluttou, brought constant accessions f)f intpiirers into the 
field, whoso opinions, right or >vrong, kept up a continued 
interest in the subject, till, weaiy of controversy, the very keenest 
advocates of the most exclusive Wemerian ikeones began to 
see the necessity of grounding thdr speculations on a more rigid 
examination of facts. 

Of all tiie men that have heretofore illustrated the science 
of geology none is greater than Hutton, whose name was so 
long used as their watchword by the opponents of the Wer- 
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nerians. Tie at once threw aside the minor prootless speculations 
with which oldor wi iters bewildered their readers, and by the 
strict union (if (il^orvation and crcneralization, his comj^re- 
hensivc mind gra-sjicd tlie main 'luilines of the physical t^ection 
of the subject, and brought geology within the pale of inductive 
reasoning. Not a scrap of illustrative map or section, and but 
little of local description, accompanies Hutton's ** theory of the 
earth ;" and therefore, (IiarmoniziDg as they do with the detailed 
field work of later geologists,) his generalizatioiis read almost as 
if dictated bj a prophetic spirit — an impression not diminished hy 
his massive and somewhat obsenre diction. There wanted but 
one disooTery to give that direction to the science which has led 
to the present high point of knowledge, I mean the doctrine of 
sncoession of species in time. Neverllieless, even had Scotland 
been a country geologically favourable to the easy development 
of that doctrine, it majr be doubted, whether Button's mind was 
so modelled that it would spontaneously have ^iteired on such an 
investigation. He perceived the great truth, fhat from the waste 
of continents, broad and thick contemporaneous deposits, con- 
taining the relics of life, are lacing formed in tlic .^lus, and that 
in all traceable past time the siime laws have prevailed ; but he 
knew not of the existence of a rule by which, independently of 
mineral character, contemporaneous strata may Ix* identified, 
although widely sepai ated irom each other. The germ of this 
truth is, indeed, contained in the writings of an earlier writer 
(Fuchsel); but when he lived, the progress of discovery had not 
sufficiently prepared the way for its reception ; and it is to the 
independent observations of that "gieat original discoverer" 
William Smith, that we owe the first clear enunciation of the 
law of the stratigraphical succession of species— a law alike 
great in theoretical results and in the strictly practical appli- 
cations arising therefrom. 

In the whole history of geology there is no chapter more 
touchingly interestang than the manner in which Smith arrived 
at his conclusions. From the moment the light first dawned on 
him, he never ceased to follow his convictions^ with unflagging 
patience, industry, and energy, full of enthusiasm, undaunted by 
difficulties^ or by the little heed that for many years was paid 
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him by the ^eMrated men, ^ mdte 4if wliose fiubseqiKtet ' 
work are in great part based <m hk difleovery; '* It ^fimafy, 
appeared " to him, that Ins ''wasto become a system of experi- 
mental philosophy that would embrace the whole surface of the 
globe.' Homely in exterior and iiiaiiner, uDgifted with the 
power of eloquent description, and averse to the lahour of reduc- 
ing his ideas to Mritiiig, few of his conternj[M)rarif - ^\ '»ukl have 
dreamed of ranking William Snn'th a.s a man of genius : but pos- 
terifv (b'srotrards externals, and juil*^^es men by their works; and 
1 rcvurcutially believe that in the truest sense of the tcim he 
well deserves the name. His cleai* -sighted sagacity, foreseeing the 
immediate application of local observations to world-wide areas, 
arose from a high combination of observing, inductive, and 
speculatiTe powers — a combination of which the highest scien- 
tific genius is composed ; his onswerving devotion, holding ail 
oliier objects sobservieiit to one great end, the heroic indifier- 
enee with which he regarded all personal interests except in so. 
&r that ihej furthered it, his indomitable perseverance in die 
midst of difficulties and delays that hindered the production 
of his map of the English strafta, all mark a man well worthy to 
be the first enundator of a trulli which in its oonsequenoes has 
opened to view a wide field for iuTestigation that till his time lay 
utterly unappi-oachable. This grand and simple law, wedded to 
various branches of physical geology, already begins to " embrace 
the whole surface of the globe." This is wliat we are now doing. 
Hie " after ages " have already begun, when, as he predicted, we 
shall "get a tolerable description of- the habitable world;" and 
on the further progress of this work of identification of strata, 
of mapping and of section makinir. depends at present most of, 
the advancement of correct geological theory. 

And here I would remark, that the results dedudble from 
Smith's discovery afford another pregnant example of the econo- • 
mic application of purely theoretical principles, winch in their 
first coQoeption seemed but little connected with the furtherance 
of our material prosperity. In the expressive language of one 
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of my colleagues, it is but the oyerflo wings of science that tkiki 
enter into and aniuiattj industry" — a truth in the department of. 
p^lopfv that 1 shall have occasion to illustrate in the sequel of; 
this Lecture. 

The nVht understanding of the law of superposition is not of 
value only to the man of science: it is iin})ortant to every 
speculator in mines, to every landed proprietor who cares to 
uiuieiateiid the mioend value of his property ; and the principles 
and greater laws pertaining to geological phenomena are now 
so distinctly understood, that there is no difficulty in imparting 
them to others. To draw an illustration from astronomy : we 
all know ihe tratii of tlie revolutions of the planets and their 
satellites, of their general relations to the sun, of Ms relation to 
the fixed stars» of thdr motions in space, and of the dependence 
of their movements on the law of graTitadon. Eveiy well- 
infonned soboolboy knows these things. We cannot all demon- 
strate them, but we believe in their draonstration ; not alone 
that they do not eontradiet our experience, but principally by 
virtue of our fiuth in the men who have possessed a knowledge 
sufficiently high to solve the problems. Is it because geology 
as a science only numbers Lnudreds of years where astronomy 
numbers thousands, that beyond the pale of the student so nuich 
iprnoranco prevails regarding the simplest elementai-y principles 
and laws of the science, and that its cultivators an* by many still 
looked upon as mere sjx'cnlators ; or. worse still, that others 
fancy themselves licensed to tlieorize without a particle of pre- 
liminaiy geological knowledge ? Certainly not : true chemistrj' 
is but httle older than geolog} ; and no man fancies himself a 
chemist because he can see substances tliat enter into combina- 
tion with each other. Not so with geolog)^ ; without study» 
williont training, without extended observation, and almost 
witiMNit reflection, many a man fancies himself qualified to decide 
on the nature and disposition of rocks (because they are before 
Ub ejes), whoae decision is utterly woHhless. If the leading 
features of astronomj are easy of comprebennon, lliose of geology 
are mote easQy demonstrated, and but little less easy of under* 
standing; the doctrines of superposition of strata, of sucoessimi 
of species in time, of disturbance of beds and consequent uncoil 
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fonnitjr, ^hsse and all odier ample problems mig^t (did ^tueate 
exbt a race of qualified teadiers) be made a part of every well- 
advanced 8c1ioolboy*s education. Then, at all events, ignorant 
or mistaken men, misnamed practical, could not so readily 
delude the credulous or unwary into ruinous speculaiiuii.s ; the 
irou-chari3fed water of a spring, the ei>lour of a rock, or the mere 
association of limestone and shale, might cease to iuduce 
explorations for coal among tliose who, hastening to acquire 
wealth, too often only pr(»ripitatc their ruin ; and T earnestly 
hope and hohVvo, that not only by the aid of this School of Mines, 
but also by the more general spread of scientific education 
throughout the land, much may be done to prevent the frequent 
pecun-enoe ci so orreat a waste of energy and capital. To this 
particular end the more general difiusion of such authentic 
documents as the Government maps and sections will in time 
materially contribute^ and much capital now wasted be skilfully 
applied, or diverted into other dumnds. 

In Pliillips*s life of Snutb several interesting notices are given 
of fruitless triab for coal in tlie Oxford day, near Oxford and 
Wincanton. That at Wincanton was persevered in against the 
strong remonstrances of Smith. And here, instead of assuming 
a complete acquaintance in each of my audience of all the focts 
that bear on such cases (of which I shall dte other examples), 
you must permit me to explain one or two points that properly 
belong to a more advanced part of my course, bnt which it is now 
needful to point ont for the full understandinjr nf the shbject. 

I have allndod to the fact that the print i|KLl masses of strata 
were each in snccession accnniiilated in sea bottoms; and these 
accnmnlnti' wore composed of various sediuKuits, just as at 
the present day (jnantities of mnd, sand, and shiniile are home 
by rivers IVoni the hind, or torn fron\ coasts and spread abroad 
on the floor of the ocean, to become the tombs of the creatures 
and plants that inhabit it. These beds have been, according to 
▼aiying conditions, more or less consolidated, partiaUy heaved 
above the waters, dislocate<l, invaded by igneous products^ 
disint^ated, and denuded, their materials being often re-em- 
ployed in the fonnation of later strata. And this process has 
been the course of nature through all traceable time. Hence it 
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follows that the rocks of continents and islands funned hy such 
disturbances are necessarily of earlioi date than the strata oon- 
struct^ from their wTCck, and deposited in the surrounding 
seas; and th<^ unronfoT-mitv of one set of rock< to anv other 
set will be pro|M)rtionate to the amount of disturbance of the 
strata so upheaved, denuded, and often deeply depressed beneath 
newer accumulations. This unconfonnity was, as early as 
16699 alluded to by Steno in his Prodromiis, in which, by a 
series of rude diagrams, he sought to prove that the " country 
of Etruria hath been twice fluid, twice plane and dry, and twice 
scabrcras and cn^ggy** Straeliey also bad a faint knowledge 
of this fiust as exhibited in his diagrams of the nnoonfonnity 
of the coal measures and new led sandstone of Someisetshize.^ 
Oar illastrions Hatfcon was, however, the first geologbt who 
clearly expounded the laws of nnconfonnity, and proved their 
nnivenal api^ication. 

How, then, do tiiese tmths bear on the question, when, as 
in the instance recorded by Smith, sinkings were begun in the 
Oxford clay, the dark coal measure colour of which deceived 
the speculators and prompted the experiment ? In the first 
place it is perfectly kno^n, that excepting in the coal measures 
no coal occurs in any other formation in this and the sur- 
romidiiig districts, llie sinkers knew this, for when they 
reached the oolitic limestones they abandoned the attempt. At 
what depth, then, bati they persevered, might the true coal 
measures have been found ( There is little reason to doubt that 
it would have been necessary to have sunk through oolitic and 
other rocks, (too thick to permit of such a specidatiou being 
profitable,) at the very least from 1,500 to 1,800 feet. 

But even then there would have been no certainly of reaching 
the coal measures, for the newer rocks rest unconfonnably 
upon the older strata, and it is not improbable that owing to 
known disturbances other beds beneath the coal may rise 
towards their base at the point benealhi the shaft. 

It is forty years since this incident occurred. There are now 
sparsely scattered throughout England mining engineers of high 
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allMn»6nte, w&D ▼oraed isu ihe piiMiplflii . of geology; and lte 
science is reaching u |>oiiift wbeti probkmfr in oocmomics nugr.lM. 

solved tai more obscure than those that tasked the knowledge 
of Smith ; but you must not therefore suppose, tkat, as a general 
rule, many of oui- proprietors and speculators are guided hy a 
higher knowledge than then prevailed. Such is not the case. 
Throughout the length and breadLli of tlie land, down to this 
very day, equally fruitless and still more absurd undertakings 
are constantly being entered upon. I shall cite several other 
instances. 

I have been informed that near Tiverton, in Devonshire, 
man/ years ago^ ^ B]\nh was sunk in the shales of the mill- 
stone gnt, an unprofitable set of beds at the base of the coal 
measures. As might have been foretold* nothing was found,- 
ttU one Sunday, wh^ the populatioiL "were safely housed in 
church, some boys emptied a ooal-seuttle into the pit, and on 
the top threw in part of the extraeted rubbifih. Gieai was die 
joy on Monday mofning when the miners farought np the coal 
it was declared to be as good as Neweasfle** (winch indeed it 
was), and all the parish belb were set ar-ringing ! 
■ On Chaid Common, near Lyme Regis, they boted in tin 
Has for coal, at an expense of several thoosaad ponndB. The* 
deception was fostered by the accident of passing through, not 
a bt'il but a piece of lignite. Numerous lias fossils were turned 
out, which of themselves ought at once to have decided the 
question, even without a broader knowledge of the geological 
structure of the c*>uiiLry. 

A siiuilar tiial took j)hice at Kingsthoip, near Northampton, 
where n shaft was sunk tlirough the lower oolite and lias, at an 
expen(iiturc of near AO.OOOL Tlie adventiu*ers desisted when 
they reached the new red sandstone. Many similar instances 
might be multiplied. 

In the coal-field of the Forest of Dean the carboniferoilfl 
limestone shak> lies 1,000 feet beneath the lowest bed of ooaL 
Nevertheless, in Herefordshire, a person, more confident than 
sagacious, first built his engine-house, and sheds to receive the 
produce, and then boldly sunk a shaft in Ihfise beds in seaidi 
of coal, where it could not by possibiHty exiit In future leo- 
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tui I shall show that the coal measures once extended above 
this area, but the conditions never obtained by which one l>ed 
of coal could have been formed either in the beds explored, or in 
the old red sandstone on which thej rest. At the very niunient 
I now write I have received a letter from Mr. Aveline, one of 
the geologists of the survey, in which he says : *' I have a narrow 
slip of coal measures running between the Permian, the new red 
beds, and the old red saodstone that you saw at Bewdley. A 
person found out the only place where the coal is well ahown, 
and sunk a pit, but finding the coal worthless, h£ has gone a 
li$tie way ef antheMred ianddau£, w here he is dnking after 
tbe most approved maanBr, brioking his shaft round. He is 
going tJirough some very hard sandstone/* In this ease the • 
true explaoadon* of course gratoitouslj oibred» was digreigarded, 
apd Hie last report announced by the **praotioal men*' was, 
that they were on the very veige of disoorering coal. 

Observe in the vertical oolunin» and in this horizontal section, 
the geologieal position of the lower silurian shales, utterly barren 
of' eoel, and sunk thousands upon thousands of feet beneath the 
coal measures, carboniferous limestone, and old red sand- 
stone.* They are often black, and carbonaceous-looking, and 
their oozing si)rings are sometimes discoloured and seunnny by 
the presence of oxide of iron, and oilier impurities derived in the 
passage of the water through the rocks. Bwt coal measuie 
shales are also frequently black, carlx)naccous, jmd charged vnth 
numerous ]>eds of ironstone, which, discolouring the springs, 
produce the red water (dwr goclO of the Welsh miner. By a 
mistaken ajijilication of the principle, that like causes produce 
like effects, the empirical miner sets to work, and the black 
slates of the counties of Pembroke, Radnor, and Caermarthen, 
— of Montgmnery, Merioneth, and Caernarvon, — near Tre%ani, 
Caermarthen, Builth, Llanidloes, in Lleyn, and at Caernarvon, 
— are dotted with shafts, 1m rings, and levels, sunk or driven in 
ddusive seaiehes for coal. While in progress, the crj still is, 

the indioatioos aie good, go a little deeper;*' and the pit, the 



ADndfaig to diagnms on tiie waU. 



92 



&C1£NC£ OF QEOLOGT 



disappointment, and tlie ruin, often deepen together, till, aban- 
doned in despair, the speculator is left to console himself with 
the parting assurance, " We are not to blame ; — had you only 
gone a little deeper." Long after, when the wandering geologist 
visits sueh .s]»uis, he is informed that the mind's actually fimnd 
coal, but were bribed to hush it up by coal owners jealous of 
their markets. 

I do not wish to imply that the men who advise such under- 
takings generally wish to deceive. Ignorance on both sides lies 
at the base of the enterprise. But on that very account, I 
repeat, that even a slender amount of science infused into the 
general education of the country would strongly tend to prevent 
the unceasing recurrence of such ruinous absurdities. Hie 
truly practical man, — lihe scientific mining engineer, — reasons 
and advises on very di£ferent principles. He is conversant with 
geological maps and sections ; his exp^enced eye distinguishes 
the geological relations of t]>e deep and wide-spreading strata 
of whicli a country is composed, and as a rule, he knows the 
utmost limits of the ground where it is sale to adventure ; and, 
further, if he add to this a general knowledge of the organic 
forms that characterize these formations, a glance v>i\\ toll him 
(however black the shale, or ferruginous the water,) that rocks 
containing graptolites, tiilobites, lingul?i\ and pentameri, were 
formtnl untold ages before the conunencement of our carboni- 
ferous epiK li. 

Tt is forcijju to my present objort to trace the career nf Smith 
iu tlu* application of his principles to ain-icnllure, canal 
engineering, the interception of springs, opening (»t' (piarries, 
or the detailed determination of the position of coal bearing 
strata, concealed by overl}nng masses of new red sandstone. 
The immediate scientific results of his work* you see in this 
diagram, which exhibits his enlarged and corrected ideas of 
superposition, as understood by him, in the year 1816, and by 
this map, published in the previous year. This was the first 
geological map of England, or, indeed, of any kingdom, ever 
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pfodnoed, — a work in Uiose days of extreme difficully, wlien we 
consider that almost all iStiB data were new and collected by liim-- 
self ; and that no large uniform topogmphical maps of antliority 

then existed on which to depict them. Though propositions were 
made to the Government of the day, it yielded him no aid ; 
the arduous wurk, wonderful in its kind, was accomplished 
by his own individual efturt^ ; and it was not till many 
years later that, recognizing the national importance of a 
truly accurate survey on an adequate scale, Government 
established, under the direction of Sir Henry De la Beche, 
a geological survey of Great Britain in connexion ^vith the 
Board of Ordnance. The survey then established, and since 
extended to Ireland, is now in full operation under the de- 
partment of Works : the local direction for Ireland has been 
entrusted to Mr. Beete Jukes ; the survey of England and Scot- 
land is entrusted to my care, both being subject to the control 
of Sir Henry De la Beciie as Director GeneraL Thebasis of the 
snrrey is ihe Ordnance maps. A specimen of a portion of the 
work executed in England and Wales hangs on the wall, and 
when a sufficient area has been topographically surveyed, and 
other needful arrangements made, the survey will commence ope- 
rations in Scotland. 

On this extended scale, with a correct topographical basis 
to work upon, it is evident that a skilful geologist can lay 
down a multitude of facts in a sLylo that, both for accmacy 
of general outline, and minuteness of detail, was formerly 
undreamed of by geologists ; and I think I may be permitted 
to say, that great has been the benefit accruing, and yet greater 
will accrue, from this work, alike scientifically and econo- 
mically. The boundaries of every fonnatiou, and of each 
of their subdivisions, of every igneous mass, intrusive or bedded, 
with all their accompanying intricacies of interstratiiied slates 
and volcanic ashes, the run of workable slates, of beds of 
freestone, limestone, and gypsum, every dislocation, metalliferous 
lode, and outcrop of coal, are traced with all that minuteness 
of detail admissable on this comparatively extended scale. 
These are accompanied by enlarged illustrative longitudinal 
and T^cal sections, drawn in trw proportim. As an instance 
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■cf timt valae^ i ^ald Temmd you Aat tiie brosdeat and deepest 
ooal-field in Gvdat Biitem is that <tf South Wales. After 
pufofioatkm of the. maps of that coKoitrf, -hmdovnen, coal 

' proprietors* ooal' viewm, and nuning engineers* all aeloMnr- 
ledged iheir importance ; and I had the satisfiMStion of hearing 
the observation of a gentleman well: versed in mining and scien- 
tific ge<Jogy, " that the publication of the Grovernment maps 
had placed them thirty rears in .advance of wLut tliey were 
before.** I will be excused from the iin|mtution of attempted 
self-laiidatidn when I state, that that district was completed 
principally by Sir Henry Do la Beche and Mr. Logan bofore 
my connexion with the survey began. 

1 shall </\yr one other example of the application of geolo- 
gical principles to the solving of a question which vnW one 
day be of great economic importance : it is drawn from the 
work of the geological survey now in progress in the centre 
of England. As our sections in that country are stfll incom- 
plete^ I can only at present explain the prineiples on which 
our eondusions depend by means of diagramatic sections. 

Underneath the true new red sandstone on the bontets 
of Nottinghamshire and Derhjshite, is a> strip of eomitry nolked 
bj Smith, bat fiist fullj described by Professor Sedgwidc. He 
divided its rooks into magnenan limestone, and lovrer nsw red 
sandstone.* These rest nnconfonnably on the coal measures, 
which Ihey foQow in the order of superposition. Owing tD dif- 

•'fere n ces in Hllioiogical dtsraeter, and the absence of the lime- 
stone, tiie Steflbrdshire, WarwidcBhire, and Shropshire coal-fields 
were long considered as unsur rounded by these beds. ITie 
upper new red sandstone was supposed to rest directly on the 
coal measures. By dep7*ees, however, their existence in sundry 
places was noticed or sui itiised, and now on .-^(inie of the smaller 
puMislied maps indications of their existence may be tonnd, 
both where they are, and whore they are not. With a diHbr- 
ence they are so exceedingly like the new red sandstone, that 
they have for the most part been confounded with it, at least 



* The Fontefraot rock, of Smith. 
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ihMBt aU tikOBe engaged in Ad workiqg of miaeB ; and 
again, in some nspMte their mineral character here and thm 
flkvongiy leaemblea eertain red portiona of tiie ooal neaaurea. 

They are, therefore, in moat raapa sometimes incorrectly deli- 
neated, but distinguished from, — and sometimes erroneously 
inckidod in, die coal measures, or new red sandstone, as the 
case may be. 

It chanced, however, last year, that by clint of constant 
practice and stud\ iti the field, my colleague, Mr. IIulI, dis- 
covered a key to the separiitiua ot these rocks from any others 
of the district : and the progress of the mapping of the country 
has shown, that everywhere, except in accidental cases, they rest 
unoonfonnablj. on the coal measuree^ and that the new rad 
sandstone is nneonfonnable en both. 

Now, for reasons that I cannot at preaent enter upon, it is 
known to geologists that concealed treaaona of ooal probably 
underlie the laigerportion of the great area of new redaandatone 
that auiroonds the eoai-^elds of central England* Already in 
great part of Souih StaffindsUre moat of the best beds of 
inuistone are being rigidly ezbaosted ; and in great part of ibe 
distaict ''the Hbkk. eoal" has been extracted* or tbe workings 
are so drowned by water* in consequence of the lanlls being 
worked throoi^ if gate-roads^ iJiat its drainage is next to 
impossible. The day will sm^ly come when Uiis and other 
coal-fields will be worked out ; and the question will then an'se, 
at what depths beneath the unconformable covering that shrouds 
them, \vill coal-hearing strata be found in various localities? 
This is an important problem, which the work we are now 
engaged upon wHl go far to sn]\ e. 

By means of numenms obsci \ ations of the dip of strata, and 
the consti'uction of sections on a true scale, it is often possible 
to determine the thickness of any special mass of rocks. Within 
a given area, where, therefore, is the new red sandstone likely to 
have the smallest thickness ? or, in other words, where can we 
predict that the ooneealed coal measures rise nearest to the 
surface ? 

In this diagram you will observe that the lower new zed sand- 
stone, or Permian strata, rise against tlie coal«>field8 on the east 
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and west, and that tlie whole is owrlaid by the upper new red 
sandstone.* It is therefore to be eijiected, that in ibis district, 
the lower new red sandstone, strata intervene between the upper 
new red sandstone and coal measures throughout This sus- 
picion is confirmed bj the cutsumstanoe^ that within the new 
red sandstone area sunoundmg the central coal-fields of England, 
manj miles removed fiom these fields, the beds that elsewhere 
rest directly on the coal measures are brought to the sur&ce 
by faults. 

If the estimates of thickness be correct, then no wise iiiiiu 
wouhl sink in this area on the new red marl, because, before 
he could reach the coal measures, he would have to penetrate 
the aggregate thickness of tln ee fonnations, viz., new i-ed marl, 
iip})er new red sandstone, and the lower new red sandstone or 
Permian. 

To the unpractised eye, these last seem ordinary new red 
sandstone. In this area they were confmmded with it. But 
a rigid geological examination has shown that they belong to a 
lower set of beds, and that faults at certain points raise them to 
the surfiice ; and these may be proper places in which to sink 
in the hope of finding cosl, because the concealed coal measures 
must also be raised nearer iJie surfince by the faults, and there- 
fore in the search, we escape many hundreds of feet of rock that 
elsewhere overlie the strata to be sunk in. 

TTieie is yet another point of interest in connexion vnth this 
subject I have stated, that die new red sandstone proper 
rests unoonformably on the lower new red strata. It therefore 
often happens, that overlapping the latter it rests directly on the 
coal measures. The result is, that at a distance from the car- 
boniferous strata, it is possible to estimate the probabilities as to 
wiiether in sinlving tluough new red sandstone, we might reach 
the coal measures without the intervention of thick masses of 
lower new red or I'erniian strata. 

These are questions that daily assume a higher iin})ortance. 
The attention of proprietors and miners already begins to be 



* Ilhistrated by a diagram of the dispositioii of the strata roand the Sottth 
Staffordshire and Goalbrook Dale Coal-fields. 
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directed to thiem, Idtfaertoin general viiiioatmiidi efibet, ehiefly 
for want of accurate geologicd information. The value of land 
will be materially aflfoeted in certain districts by tlie informaitioD 
yielded by sucb maps and sections. 

If you compare a distorted section with one across the same 
country drawn on a true scale, yon wiii ruadily perceive one of 
the causes of the indefinite ideas often entertained on such 
subjects. In one the distances are diminislied, the hei^lits 
absurdly exaggerated, and the disposition of the strata tlK^re- 
fore necessarily faisifii^l ; in the otlier, a true corn^sjionding 
scale for distance and height being adopted, the lay of the beds 
as they actually occur in nature is obtained, and the conclusions 
arrived at are precise and definite. On me devolves the respon- 
sibility of instructing the pupils in the School of Mines in the 
methods by which accurate geological maps and sections are 
constructed; and it will be my duty to do so, not only in the 
leetme room, but also through the medium of the districts in 
progress on the geological surrey, to convey practical instruction 
in field work to thoee of our mining or engineering students to 
whom such knowledge may be indispensable. 

It would be easy to show many other applications of geology 
to practical purposes, as, for histanoe^ in the construction of 
roads, and the selection of material for macadamising, in the 
engineering of canals by leading them over naturally tenacious 
bottoms and the avoidance of porous formations, in the selection 
of minor deviations of lines of railway with reference to cuttings 
and tunnels, and also in the sinking of shafts. An instructive 
instanc<^ conriL(*t('<l with shaft sinking came under the notice of 
Mr. Bristow of tlic urold^iciil survey. On the Ridnj-way tunnel 
a shaft was sunk through 80 feet of sand, whicli rendered it 
necessary to brick the sides, whereas a few feet further in either 
direction would have carried the shaft safely through the chalk. 
The sinkers had, in fact, chanced to sink in one of those holes 
in the chalk known to geologists by the name of pipes." 
These are always of small diameter, and probably originated 
in the p^oolation of rain water, the carbonic acid having carried 
off the lime in solution; they afterwards became filled with 
fiweign . $ttb«;tanoes» in widely in this instance, they sunk. 

H 
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A knowledge of tJiis simple &ot would have pfevented the 
blunder. 

Tlie agricoltaral applications of geology luLYe been ably 
treated by Mr. Trimmer ; and its bearings on large supplies of 
water to towns are beginning to be nnhersaliy recognized. Tbe 
country aronnd and beneath London affords a tempting field 
for enlarging on this subject, but at present I skall rather refer 
to the construction of the artesian well at Grenelle, principally 
because it was undertaken and executed on data and principles 
purely gcoloerie^l. 

In earlier times the phenomena of springs gave rise to much 
discussion. While some considered that they originated in great 
subterranean reservoirs, others asserted that they were due to 
the percolation of sea-water which flowed upwards by subter* 
ranean cavities, losing its saltness in the paissage. More than a 
hundred years ago» Valisnieri partly explained their dependence 
on the &il of rain, and tiie nature and airangenient of tiiestnta 
through wbieh the water percolates. Since his day, tiie theoiy 
of springs has by degrees come to be weU understood, and from 
the time of Smith, by strict attention to geological data, it has 
been possible to estimate with almost absolute certainty tiie 
results of sinkings in search of undei^iround wate in nuDMcoiis 
localities. 

Rocks arc of many degrees of hardness, and variously disposed. 
Thus, f(^r instance, granite and its igneous allies, are but slightly 
porous, and it is only through joints and cracks, generally ot" rm 
great depth, and having little intercommunication, that the sur- 
face water can penetrate ; and thus the subterranean oozings 
are isolated, so that generally no great body of underground 
water is anywhere collected, and numerous feeble springs rise 
here and there to the surface. But it is different with many of 
tlie stratified rocks, which not only by a multiplicity of joints, 
but also from thdr extreme porosify, and the sloping disposition 
of the beds, are offcen perfectiy adapted to the conduction, and 
partial retention, of large bodies of water, at deptiis yaiying with 
the disposition of the strata. 

The nature of artesian wells is simple. If I take a bent tube 
and pour therein any quantity of water, it will maintain a cone- 
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sponding level on eiihej- side ; and if I insert another tulx' shorter 
than the curved arms, (we shall ^suppose at the lowest point of 
the curve,) then, by virtue of a law of hydrostatic pressure, the 
water will rise in the insertetl tube, an equal amount being dis- 
placed in the curved arms on either side. Tliere it will rest. 
But if a constant supply be yielded to one or both of the open- 
ings of the curved reservoir, then the water will overflow at the 
mouth of the central inserted tube» which tlius represents the 
boring of an artesian well. 

The strata around Paris are in a gmieral way very similar to 
iiiose fofining and sorronnding lihe London basin, (as it is often 
termed,) wi^ which many of you are fiuniUar. Its highest 
members are composed of tertiaiy strata of sand and calcareous 
sandstone^ beneath wbidi are beds of mottled day. The dialk 
on whidi tins lies is 1,477 feet tMck, resting on 160 feet of green 
sand, wbidi in its torn lies on the gault. This last is for the 
most part composed of clay, and nearly impermeable to water. 
The whole over a width of many miles is arranged in the form 
of what «Teologists term a basin, that is to say, the sti-ata from 
their outcrops have a tendency to slope towards a general centre, 
where for a space they lie more or less Ijorizoatally. 

On the margin of the baisin, strata of p^een sand and gault 
rise to the surface at heights in many places ap])roaching to 
330 feet above the sea, Grenelle being only about 100 feet 
above that level. Geologists knew that the water which fell on 
tihese strata at their outcrop would of necessity percolate in the 
direction of the indination of the beds, so that, at the Uxwet 
points of the curvature, a great body of water must exist, con- 
fined as it were in a sponge^ and unable to escape bdow, be- 
cause of die impermeable <iualify of the beds on wLidi the 
porous strata rest This deep-seated reservoir being tapped by 
boring, the water would rise to the surface in the manner I have 
exphiined. 

In 1882 Ihe munidpal corporation of Paris, impressed with 

the sanitary necessity of further supplies of water, voted 18,000 
francs for the construction of three artesian wells — a muu so 
ridiculously small that the project wa^j immediately abandoned. 
M. Mulot, however, one of their engineers, having pix>viuusly 
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sunk in die olialk at Sureane, at ChartzeB, and at Imh, to the 
depth of 1,08S feet, ptoyed tliat it would be neoefisaiy to bore 
completely ihrongh that formation to ensure a sufficient supply. 
This oondusion, based on strict geological reasoniiig, wm eon- 
finned by M. M. Arago and Walferdin, and ia November IS$S 
the work was begun. With infinite energy, skill, and per- 
severance, M. ]\lulot can ietl it un, overcoming every opposition, 
physical and moral ; for lie had not only to conquer those natural 
difficulties that Ixjset so unexampled an iindenuking, Imt he had 
also to contend with municipal jiarsimony, that shrank ti t mi the 
contimuuice of supplying funds for u project hasted uii purely 
thenjrtical grounds. When lie reached the depth of 1,640 
feet, at an exjiense of J^O'.KOOO fi ancs, they stopped these sup- 
plies ; but so great was the faith of JM. ^lulot in the correct- 
ness of the principle involved, that he determined to continue 
the work at his own charges. On the 26th of February 1841, 
the boi'er suddenly fell several yards, and immediately, from a 
depth of 1,800 feet, thm sptmg from the orifice a huge oolunm 
of water, cold at first but warm afterwards. It now steadily 
yields more than 740,000 gallons per day. At the first burst 
the supply was greater.* 

These are some of the subjects to which geology lends its aid 
in promoting our material prosperity, comfort^ and health. But 
its bearings in many other directions extend far and wide. 
Physical geojCfraphy, for example, is in reality a branch of 
geolog)-, for the present forms of sea and land are but the result 
of all the geological changes to which our glolxj has l>een sub- 
ject, and cxistinir forms of Ycjyetablc and animal life are to the 
present world what the fossil torms in the rocks (and many 
more unj)reserYed, or that may never l)o tLLseutombed,) w ere to 
the scenery of the h)st continents and islands of bj-past ejiociis. 
Viewcii in this light, geology connects itself with the more 
graceful arts that at once adorn and elevate society, and tliat 
quite independently of the beautiful mineral substances yielded 
by the rodcs for purposes of art. It becomes of value '4o the 



* Sm Le Pnits Artlsien de Gicnelle, par U. B117. Tuia, 1648. 



AND ITS APPLICATIONS. 



101 



artist, for it cannot be quite imiiiipurtant to liim that he slumid 
bo ij]rnonint of the orio^in of the infinite divei-sities of scenery, 
of tlio G^roat operations that linve g'iven distiiietivc features to 
every plain, and hill, and mountain vviu^. in many a (k'pietetl 
scene, however skilfully colound, the geologist who has an eye 
for art sometimes detects improbable forms or combinations. The 
sculptor and the historical painter may not safely be ignorant of 
anatomy, and on the same principle it cannot be a matter of small 
moment, that, merely copying externals, the landsoipe painter 
should be utterly ignorant of the inn» anatomy of the scene ; 
for I cannot but believe, that a certain knowledge of this 
structure vrill go far to give the impress of a vivid reali^ to die 
landscape he delineates, when, abhoning conventional forms of 
rock and mountain, he, in bis composidons, bearing in mind the 
actual vidue and relation of all the parts of a landsciqpe as com- 
posed by nature, transfers to his canvas the truthful impressions 
of a well stored and cultivated mind. It is this ])erfcct truth- 
fidncss that often lends so exquisite a chai TU to the works of the 
greatest English lundscaj>e i)aiiiters of modern times, whose 
motmtains and rocks are so tnio that the geologist can oftuu 
pronounce their very nature a i l tlieir names. 

I must now close. In succecdinf]^ T.ectnres it will be one of 
my aims to inculcate that a sound knowledge of theory is indis^ 
pensable towards all the applications of geology, whether economic 
or otheni^ise. Let not any man consider that when he has 
mastered the few facts that may be immediately turned to 
account in money getting, that his geological education ia com- 
plete. The men who first educed all our great results were 
mainly actuated by the love of truth alone; and the applications 
are an accidental fruit of that love. On every possible ground 
it is, therefore, worse than impolitic to under^ue any truly 
philosophical work of the geologist, whether it be shown in the 
nnravelment of geological intricades in the mountains, or in 
abstract studies in the closet. As a point of conscience actuated 
by these principles, it has hocn the aim of those cnga<r('<l on the 
geological survey to carry accuracy (»f scieiititic detail to the 
extremcst pnssi))le limit ; and (independently of any immediate 
benefit to science and to the owners of the soil) who can predict 



Digitized by Google 



102 SCIENCE OF GEOLOGY AND ITS APPLICAnONS. 



what may yet arise to further the aits of peace from such 
labours, oven in districts apparently the mast unprofitable? 
Let nn g(M)l(»H;ist, therefore, be discouraged because of the 
sneering cr^' cid bono. The tmo mnn of science will not 
heed it ; and hitherto geologists have pursued their ends im- 
scared. 

No peo]i]o lia«i produced so many men eminent in geology 
as the British Isles. Though not the birth-place of geology, it 
is here that it has been principally fostered and reared to its 
present goodly stature, within the memory of many yet Hving* 
Of the illustrious men who aided in this work some have 
passed away, hat others still remain among us; and diffienlt 
as it may be to follow in the footsteps or to emulate the large 
utterance ** of these early giants, I earnestly hope, albeit the 
signs are few and meagre, that a race may yet spring up not 
unworthy to be iheir sueoesscffs. Hie links tiiat Und primeval 
time to our own have to be sought out, — the history of a world 
has to be unravelkd. I hi' alphalx't has been discovered, and 
some of the inscriptions graven on the rocks are deciphered ; 
but many readings are wanting, many passages obscure. The 
time is still early, tlic subject is but opening to ^icw, and its 
revclnfions are Ijoundlcss. Hitherto there has been a wonderful 
unanimity of purjiosc among all true cultivators of geology. 
The advance of geology, through the friendly co-operation of 
its votaries, has known no pause since the decline of the Hut- 
tonian and Wemerian controversy. The physical structure of 
our countiy is one cause of this rapid progress, but the 
earnest character of the men who investigated that country is 
another secret of die strength that has so rapidly urged die 
sdenoe onwards; and I earnestly trust and beMeve that iSbat 
strengtli will know no decay while the rising cultivators of 
geology continue wortibily to Mow die bright example set by 
theur great predecessors. 
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Processes of Mining, {Being the IntroducU^ri/ Ltxture to 
th$ Caun$ ^ Mmmdojf^ and Mining,) 

By Wabinozon W. ^uite, M.A. Cambridge, F.G.S., &c.» 



<W lOBW SO m SVCHT Ot OOSHWALU 



TToXXat riyyai h avOpdnrots £\<j\v sk tow ifiireipioiv sfnrelpan svpi]- 
pJvac sfiTTiipia fiB!' jiip TTOisi TOV aiMva i]fjmv iropivsa6ai kotu Tfj^i 
airetpla Be Kara Txr)(r}v. — Flat. Gory, {Folus.) 

There are many arts among wnnhind whicli have been invented by 
the experienced, through the nifans' of experience : for whilst experience 
causes our age to advance by Hie principles oj art, a want of it leaves 
us dependent on clumce. 

HAYTNa been honoured with the charge of opening in this 
Iiistitiition a course of instruction on Mineralotjv and on 
Mining, I deem it desirable in the outset to detiue the limits of 
these di^M"*^- although kindred bubject^;, and to point out the 
directions in which thej dovetail into the other branches of 
ti])|died aoience as treated bj my coUeagoes. The technical 
character of the education to be imparted here will be the 
beacon whieh I shall endeavour to keep in view, that I maj 
avoid being drifted hj ihe ourrent of tkonght too fu into the^ 
wide expanse of general oon8iderationfl» wheie in connenon 
with ihoae studies so moch tliat is beautiful and nselnl in ordi- 
nary life has already been acquired, and so much still remainB 
to be diaoovered; but where in the meanwhile we mig^t wander 
wide of the desired path. Thfa discourse will therefore deal 
almost entirely with matters of practical a|)j>lication ; and a 
nmnber of examples which have been brong-ht under my ovvti 
observation during a few years past wili be adduced in support 
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of the proposition — that an extended knowledge of mineralogy 

and the processes of mining are essential to tlwse interested or en- 
gaged in mines. 

In the commencement of an inquii v into the infinite variety 
of objects sunoumiing ns in the natural worlfl, presented, it 
would appear, for the purpose of inducing the nio.'st attractive 
and holy exercise of our observing and reasoning powers, it is 
obvious Uiat three principal assemblages are to be discrimi* 
Dftted. These divisioiis arc the animal and vegetable kingdoms, 
ehaiacterized by orfranic structui-e, and the wondrous pheno- 
mena of life; and the inorganic or mineral kingdom, comprising 
that far greater proportion of the materials of the planet in 
which no traces of oi^ganio structure are observaHe. This last 
assemblage of objects has been generally understood to form tiie 
province of minmlogy, which thus in its most extended sense 
would include all the aSrifbrm and gaseous bodies occurring in 
nature, and could hardly venture to exclude die multifarious sub- 
stances produced under similar chemical laws by the agency of man. 

But since, amid the daily increasing accumulation of new and 
unexi)ected combinations, the domain uf tlie inorganic kingdom 
appears unlimited, and many of its phenomena muf^t Ik* invcsti- 
pited })y special departments ot seienco, it lKH"oniei> necessary to 
draw a lioiuulary line around that i>()rtion of it which is to l)e 
eml)raced in modern mineralogy : and where vvc ca!i find no 
logical distinction l>etiveen the actual products of similai- bodies 
and similar laws, as seen in nature or in aii;, we musti for the 
sake of conA'onience and utility, rest our criterion of separation 
upon the ditterent conditions of their origin. 

Under this point of view mineralogy has for its object the 
consideration of the natural inorganic materials of our globe, 
fluid and solid ; the physical phenomena which they present, their 
chemical constitution, their modes of ocennenoe, die methods by 
they are distinguishable from each other, theur classtfica^ 
tion, and the uses to which tJiey may be made subservient. 

Now it is evident that as the characters of minerah are 
dependent partly on their form, partiy on their chemical and 
partly on their physical properties, mineralogy must be based 
upon geometry, chemistry, and natural philosophy; and the 
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history of the science affords the best proof that no branch of 
knowledg^c can rise towards perfbction till the conterminous 
sciences have, after due cultivation, been broii«j:lit t'oiward to 
aid in its development. The student should therefore previou^sly 
acquire a certain actiuaiiitiince Avith these auxiliaries ; and it is 
for this reason that the lectures on chemistry and pln '^ics htave 
been so ananged as to precede the nioi*e compound subjects on 
which we are now about to commence. 

It may at first sight appear triTial and mmecessarj- to insist 
on the definition and objects of nuneralog)' ; but, in. addition to 
the importanoe of a clear understanding of the puiport of any 
braneh of education, there are in flie present case special reasons 
for adopting such a oourae. This science has in Britain, for 
BUinj years past, been cultiyated by so small a number of inves- 
tigators, that by the public at huge it has been almost lost sight 
of, and is not unfrequently confounded with diemistr) , geology, 
or metaUurgy. Nay, there are not wanting among scientific 
men those who assert, that as a mere department of chemistry 
it can hold no independent place, nor ofier a foundation ff>r a 
special course of study. The above dcHniTioii. however, may 
ai<l in fixing its tnie position, and will ^liow, tliut whilst we con- 
tend with such o|>iiiii)iis n\\ the one hand, we wouhl oppose on 
the other the vain stniirulrs f>f those who have endeavoured to 
disconnect the science from that chemical aid which has so much 
advanced its progress and heightened its interest. 

The prim© and grand interest attached to our studies of the 
products of the earth is to be found in the fact that the mineral 
properties of different lands, in conjunction with their geogra- 
phical features, have determined the distribution, the physical 
and social character, and the well-being of the yarious races of 
man. WbeHier we ezaroine the Testiges left by the peoples of 
gray antiquity, or study the modifications produced in branches 
of tiie same race located in regions of diffisrent aspect, or inquire 
into the origin of the chief seats of modem dTilization, we shall 
be assured that most of these phenomena are dependent imme- 
diately, or through the medium of vegetation, on mineral produce, 
and the particular conditions under wliicii it can by made avail- 
able to human convenience. 
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In lihe renudns of andent Egypt we learn bow a stapendous 

architecture arose bv the aid of the soft yet massive sandstones 
piled h\ nature on the bunks of the i^ile, and how monolith 
statues and olielisks wcic suggested by the presence of a syenite 
capable of taking a high polish, and admittinrr of the sharpest 
intaglio tooh'ng. In Attica the marble of Penteiicus and the 
silver of Laurion combined U» tlevelope that high state of art 
which, exemplified in the Parthenon and the sculptures of 
Phidias, has noTer since been equalled ; whilst the abrupt lime- 
stone ravines of Lycia and Arabia Petnea gave rise to a desoi^p- 
tion of architecture peculiar to itself. 

As examples of the second point, call to mind the diffiraent 
occupation and character of the dwdlers in the Spanish penin- 
sula, — ihis acti've ^nwiing and mercantile population of GaUieia* 
Asturia» and the Basques on one hand, the inddent Castilian 
and Portuguese on the other.'** Or compare the torpid millions 
of the Slavic race in the plains of Russia with thenr industrious 
relatiyes and oo-religionists in Servia and Bulgaria.t 

Lastly, in furtherance of the third inquiry, we need only to 
examine the beautiful population ma]» of the British Islands by 
Petermann, which shows at a glance that besides the cxjoditioDs 
requisite for the purposes of shipping, it is coal and iron and 
lead and copper that mainly inikience the increase of our towns. 
Nor can we omit to refer to tlie amazing process by \\ liich the 
discovery of gold is at this day pouring a new tide of popida- 
tion over })arts of Siberia, to Western Amenoa, and to the 
Antipodes-! 

Such general views are, however, somewhat fbrdgn to my 
purpose ; for the main question which lies before me is the im- 
portance of ndneraiogical knowledge to those eiigaged in 
technical avocations. Enormous as is the interest at stalpa in 
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Digiiized by Google 



OF MINERAIX)QT AND MUONG. 



107 



connexion with this science, it is obvious that a more or less 
profound acipaiiil^iice with its facts iiiu^-i be productive of 
considerable differences in the prooressive development of the 
national wealth. It is surely j)atent to all that th(^ miner ought 
to l>e thoroiii:liiy ac([uainted a> ith the natuie ol those substances 
which it his flail v ta«k to seek in the recesses of the earth, as 
well as with those which exert a favourable or a p<M !iicious 
influence either on the abundance or quality of the objcctd of his 
search. No less should he be prepared to recognise those 
wUcfa, although unusual in the spot where he has^ commenced 
hiiEi career, may be thrown in his way either in another ]>art of 
the same Tein» or in neighbouring veins of the same district, or 
even in other lands, to which, bj the yarying demands for 
mining skill, he may so probably at some time be transfdanted. 

Supposing even that onr miner had perfected himself in a 
science requiring far more dose appb'cation to books and in-door 
study ; supposing that he were an expert chemist, I venture to 
assert, that although in many cases highly serviceable to him, 
this rare acquisition would not make amends for an ignorance of 
mineralogy. Were he, each time that he ie<piired to know the 
nature of a substance, obli«,a'(l to enter upon its chemical analysis, 
his days and years would be passed in endless Ial>ours often 
rejn :iti d nu(\ sometimes fruitless. Tf we concede that after twice 
or tlirice analv^inp^ the same ore, for example, he were to recog- 
nise it the fourth time by some less laborious test, we allow, in 
other words, that he has acquired a mineralogical knowledge of 
that single substance : and thus we arrive at the conclusion, 
that the methods of mineralogy are those which a man nmst 
employ, if, in relalkm to the natural inorganic bodies, he desire 
to reap the advantages oflfered him by previous investigations. 

Theire eadsts, itis true, in practice a source of difficulty which 
has probably gone fiur to prevent the spread of our science. 
Whilst many of the more abundant and valuable productions of 
the mineral kingdom are met with in sudi a state of impurity 
from mechanical ri L'ir'^ gation and admixtures, that the particular 
minerals of which they are com})osed are not separable by 
physical means, others occur only in an amorphous or irregularly 
sha|)ed oonditioQ. Now scientific mineralogy basses its descrip- 
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tions on the most ])orfect individuals, or crystals, of each species, 
bodies wliich are comparatively rare ; and treats with but little 
respect those which are never crystallised, and of which the 
distiTisfiiishinp' cliaracters are less deiinite. It stands to reason 
that in an Institution of a practical tendency the strictness of 
such rules must be relaxed, and that greater weight must be 
attached to those substances, chemically impure though they 
may be, which are abundaDtly yielded by our mines and quanries, 
and yet scarcely constitute tme minendogicai species. 

We shall thus, for example, study the characters of the pure 
carbonate of iron in the ciystBls occasionally lining the cavities 
of our lodes, in the masses which exert so powerful an influence 
on the industry of Nassau and the Austrian Alps, and again in 
those indefinite nuxtures which as nodules and continuous beds 
have, from their geological position and abundance, contributed 
in a high degree to raise Great Britain to her present pinnade 
of manufnt Uuiiig power. 

But the cause of such a preference in niineralofrical works is 
at once evident, on comparison of the objects described with 
those of the other elassifientory sciences. 

In {\iv animal and vegetable kingdoms the naturalist traces, 
in successive groups of animals and plants, a descending scale of 
lower and lower organization, till at last, in the most rudimen- 
tary forms of life, individuality is lost in an assemblage ; yet 
down to this i>oint each species presents none but forms complete 
in themselves, and almost unvarying. In the mineral kingdom, 
on the other hand, we are obliged to seek out for description the 
most perfect specimen, because it is not a suoeession of i^ieetes, 
but the same species which oflers a never-ending diverrity of 
aspect. The mineral species may indeed occur in every state of 
develo])ment, from the s}7nmetrica] crystal, composed of definite 
constituents, passing through every gnule of incompletenees of 
fbrm or admixture witii foreign substances, till we readi the 
lowest step of the scale, whei-e the indi\'idual is so merged in the 
mass that form is destroyed, and the other characteristics are no 
lonofor discernible to the sense. How striking is the parallel in 
hiMiiiiTi societies, where the development of mind and rrsnnires 
uumistakeably accompanies such arrangements as lead to the 
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sdf-reliailoe and importance of die mdiYidual, wliilst as surdj 

the crippled freedom of action caused by nierwinu individuality 
ill the crowd is attended by deterioration and destructiou of all 
healthful prominences of character ! 

But besides the miner, there are hundreds and thousands 
amongst us whose pui>uirs, Ixjaring on tlie practical purposes of 
life, render a knowledge of mineralogy an eienient of success. 
The geologist, the engineer, and the architect must have recourse 
to mineralogy to gain acquaintance with many of the materials 
which tliey employ ; nor, even if they possessed unlimited time 
and means for the acquisition of chemical analyses, could they 
ftflKird to overlook the physical properties which are often chiefly 
instramental in fitting diose substances to their several appli- 
catkms. The agriculturist^ if he wish to modify and improve 
the condition of bis soils, must become familiar with the aj^sear- 
ance and qualities of the marls, limestone, gypsum, phosphorite, 
and other minerals, which are now beginning to exert a remark- 
able influence on his art. The antiquary, without a knowledge 
of stones from which tiie ancient inhabitants of the earth 
sculptured their idols, reared their temples, or fashioned their 
rude implements, an<l of the ores from which they protluced 
their metals an*! alloys, am di-aw no sound conchisious as to the 
comparative civilisation of distant epochs, nor guard himself from 
the blunders consequent on faulty olisorvation or crude desci ip- 
tion. Wlio, afjain, that is not ill6ell:^ible to the varied beauties 
of the brilliant gem, would hesitate to prefer to detenuiu(! its 
nature by the methods of mineralogy instead of entrusting it to 
the chemist, who, with ruthless hand and devouring acids, must 
destroy its substance ere he can pronounce ui)on its character? 

Other and numerous mineral productions there are for a 
decision on whose value wc are dependent on the aid of analysis. 
Among the irregularly mingled bodies to which I have before 
alluded are many which, like the iron ores lately discovered in 
the oolitic finmation, can only be detemined as to their impor- 
tance by accurate assay. Few among the crowds who at the 
late Industrial Exhibition swept by the series of iron ores 
ivoiight together from all parts of Britain by Mr. Hackwell, 
could hare prophesied that the collection of half a dxam of those 
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sombre stones wonld give rise witliiii a few months to an tub&we 
indnstiy, wliiehblds 6ir to deve^ie a new ^lase m fihe gigsntic 
plienomoion of the British inm trade. An examfde, this, of 
the mutusl dependence and assistanoe of three sistor sdenoes, 

where geological reasoning had to |)oint out the traet in which 
a given formation was to be found, mineralogical observation to 
discover the actual deposit, and chemical analysis to determine 
the value of the ore. 

The mining districts of Great Britain are so utterly destitute 
of the means of miiuTalogical education, whether in schools or 
suitable collections, that it need be no source of wonder to find 
the most inteihgont miner acquainted only with some two or 
three of the substances, which in the routine of his employment 
have been brought prominently before him, and often neglecting 
others from ignoranoe of their nature, or dangerouslj confound- 
ing things which are totalfy distinct from each oilier. It is 
matter of history that the copper oies of Cornwall were recog- 
nised as useful only at a cmparatively kto date, the miners 
having concentrated all their attention upon the tin with which 
that county was so plentifully supplied. More wonderful does 
it appear, that even at the commencement of die last century, 
when the yellow ore or pyrites bad been long appreciated, the 
far more valuable redruthite, or sulphide of copper, was thrown 
a.N worthless rubbish over the clitls of St. Just into the Atlantic; 
and Pryee informs us, that " many thousand |m»uii(1s worth of the 
rich ])Ia('k ore, or oxide of copper, was washed into the rivers 
and disci larked into the North Sea fnan the old Pool mine."* 

The.se might be considered as the errors of a past age, but we 
may recollect that they occurred at a time when the value of the 
same substances was imderstood in other countries; and by 
mere accidental rencontres similar cases are still not unfrequentlj 
brought to our notice. 

Durii]g a \\sit, three or four years since, to a mine which was 
supported chiefly by raising blende, the sulphide of sine, my 
attention was attracted by a lump of white mineral lying on the 
window-sill of the office, a single glance at which was snfficirat 
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for reeognitioii; and I put ta ihe agent a few questaona regard- 
ing its nature and ooommiee. He replied that it was nothing 
but spar", and tbat in working a partieolar part of the lode 

they had met with many tons of it, which, however, had been 
all, except this accidentally preserved .sjKn'iiiicii. irretrievably 
mixed with the rubbish heaps. The vsurprise of my informant 
was not small, when he learned that the so-wdled "spar**, con- 
founded by him with quartz, was cahiniine, an oro containing in 
its pure state Rbove 60 per cent, of oxide of zinc. Not to Umivc 
the same metal and its ores, which put on a great variety of 
<diaracters, I have known zinc blende taken for lead ore, and 
honoured with the ereotion of a smelting furnace, when» to the 
chagrin of the manager, the volatile metal flew away up the 
<dumnej, leaving only disappointment and loss behind. Again, 
from a ^Eunt resemhlanoe which some of the varieties bear to 
oertain iron ores, a resemblance which would at once disappear 
before accurate observation, a considerable quantity was bought, 
not long since, by one of the greatest iron-masters in this country. 
It was eanied to the fomaoes, dulj mingled with fuel and flux, 
and after a strenuous effort had been made to get it to yield iron, 
it all, as the proprietor naively remarked, "went off in smoke." 

Blunders of this kind are more excusable when made in regard 
to some of the minerals of comparatively raie occurrence. An 
active agent of my acquaintance, a man of high character, was 
requested by a couple of his friends, w ho iravp themselves credit 
for unconunon sag-arity, to join th( ni in fornnng n company to 
work a deposit of an uinisual ore which they luid lately found. 
Already they had referred it, for corroboration of their opinion, 
to a person at Birmingham styling himself a minml chemist, 
whose report set forth that the specimen shown him was, as the 
others had suspected, an ore of molybdenum, and that it was 
worth 82. per ton. This was sufficient to induce the agent to 
join the discoverers In a journey to the place in question, and at 
the head of a remote valley, embosomed among the rugged hills 
of Cambria, he was gratified with the view of such a mass of the 
same substance that it was evident that thousands of tons might 
be quarried at a mefe nominal price. Spedm^DS were broken, 
the party returned to consider the preliminaries of their adven- 
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tare, and it was agreed that the mineral corresponded ^^eettj 
nearly with the description of sulphuret of moljbdeiiiutt in some 
book, wbicli vas at hand. Still, the more cautioiu manager 
feared lihat the prospect was too brij^t to. be real, and ^thout 
consulting the others, expended a fee in sending for a good 
analysis to a scientific chemist in London. Hie result was, that 
the substance in question proved to be a shining, black, slate-day, 
not applicable to any use, except perhaps to make bricks. 

W' itliin a gunshot of the place where the alxne-mentioned 
agent related this anecdote, the appearance of some rather 
fcn u Lniious slate rock attracted the attention of a party of crc- 
dii] Ills ^iHTulatoi's, wliu Ix^lioving they had discovered a rich iron 
ore, actually built a blast furnace, erected the necessary machi- 
nery, and continued for some time to carry out their vain attempt^ 
deluded by the fraudulent practices of the workmen. As might, 
however, have been predicted, the undertaking soon ended in 
abandonment and ruin. 

In other mining districts I have known persons, who although 
possessed of ^;reat general intelligence, have collected blue stones 
(generally ores of copper) for cobalt, ignorant of the fact that 
none of the natural combinations of this valuaUe metal possess 
a blue colour. 

The sulphate of baryta has for a few years past borne a cer^ 
tain value for manufacturing purposes; and an instance was 
brought to my notice, where a ship-load of what was supposed 
to be tliis mineral was obtained by surreptitious means, and sent 
from a distant part of the country to London. But tlie biter 
was bit, for his observatic>n was faulty, and his cargo, proving to 
1)(* calcai-eons spar, was worthless. It would tire out your 
patience to enumerate the cases in M'hich nnVa or iron pyrites 
have been mistaken for " old. From tlie nnxious countrv cfentle- 
man in om* own land, to the disa|)j>ointed Californian gold 
seeker, and to the solemn Turkish Bey mysteriously unwrapping 
from many a folded rag the specimen of his exj)ected wealth, 
such victims of mineralogical ignorance are frequently presented 
to those whose pursuits bring them into a position for advising 
on Similar points. 

But there is another and a wider field far more important 
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than the correction of isolated mistakes, in which mineralogioal 
research has yet to be largely employed, and in which the con- 
nexion of this subject ^ ith mining is no less grave than intimate. 
The principles by which the accumulation of ore in lodes or 
metaUiferous Teins has been regulated are to this day so ea- 
Teloped in mystery, diat the prosecution of mining enterprises is 
almost as mudi a matter of diance as it was with our fore&thers 
tiiree centuries ago. Nor can we wonder that this should be the 
case, when we regard the peculiar difficulties by which the sub- 
ject is beset. Not only is the progress of the operations so slow 
tliut the observation of one sot of phenomena may extend over 
many years, but the cxaniination of some points, unless made at 
the time of first opening, is precluded by the discolourations of 
water and powder smoke, or by the means adopted to secure 
the works. Then, according to the conditions imder whicli the 
lode is placed, a combination of problems, geological, physical, 
and chemical, are presented for solution, and the thoughtful 
mining agent» left to consider them only by the light of a partial 
experience and natural shrewdness, is commonly led to see them 
through a peculiar medium, and to fall into the numerous errors 
resulting from unsound premises. Copious stores of knowledge 
have, it is tme^ been acquired by many of the captains and 
tributers in Cornwall and elsewhere ; but besides the difficulty, 
according to the various idews of individuals, in collating them, 
they have generally, from want ci early cMiucational opportunity, 
beeai accumulated upon an unsafe basis ; and finally, the ex- 
periences perish witli the men, leaving society no ridi^ for their 
acquisition. 

Nowhere Is there more room tlian in the study of this sub- 
ject for accurate mineralogioal observation, — nowhere is the 
prize offered more inviting ; for the resolution of some of these 
questions must teii<l to acquaint us with the probability of finding 
remunerative ores in certain diie( lit ms, either in depth or on the 
course of the lodes, and nuist, therefore, be instrumental in 
discovering untold sources of wealth. Nor need we despair, when 
we remember the confused state of all the natural sciences 
little more than a hundred years since, that at some future day 
a more systematic cultivation, by rigorous induction, founded on 

z 
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close obfiervation, will clear away the weed8» and ooTer ivilli 
plenteous crops this hitherto barren field* 

We are thus naturally led, by the oomteiiiplatioii of the 
objects to be sought for, to the second part of our suljeet^ the 
Art <tf Mimog : and here it mil be necessary to dwell at greater 
lengdk on the character of the stodiea wldeh it is desired te 
embraee, inasmudi as no oouise of instmotion In iSiem bas yet 
been attempted in this country; and, strange to say» not a 
single book edsts in die EngHsh language in whidk ihej are 
comprehensively treated. Among the Germans many excellent 
works on mining have appeared from time to time during the 
last three centurieis ; and even in France, a country eompara^ 
tively so poor in mineral productions, treatises have been 
published, in which many of the divi'^ions of the suhiect have 
been skilfully di'^cns^ed, whilst the periodical literature of both 
those nations is rich in detailed descriptions of the natural 
phenomena and ihe working processes of mines in. all parts 
of Eurojje. N n are we unindebted to the Bussians, whose 
wdl-educated ollioers of mining engineers, sent at the publie 
expense to investigate various mineral regions of the continent, 
have carried beck with them a treasure of valuable information, 
whidbi has been in a great degree instrumental in advandng, to 
a high grade of perfection, the mining and metaUurgical ope- 
rations of the Ural and of Siberia. In Britain, however, we 
have little else than two or three treatises on the working of coal, 
and a few isolated papers on other parts of the sulgect ; and hence 
it will be needful, in a series of Lectures, to depend in great part 
on personal experience, and to indicate, in exceptional cases, 
the soure<^ whence a knowledge of details may be oUtiiined. 

But it would be an injustice to the many thinking and 
enterprising spirits amongr our J)i ili>h miners not to express our 
admiration for the skill and ingenuity which they have brought 
to bear on particular portions of their art. Surrounded by 
difficulties and dangers, they have won enduring triumphs; and 
in some of their applications have, by the force of persevering 
industry, advanced dieir experience with such rapid steps, that 
science has been glad to follow in their wake, and reap new 
facts to aid her fbrtiher progress. 
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The first great feature which strikes the attention in approach- 
in ^ this subject is the cnoiiiious value < I t lie mineral productions' 
of Great Britain, amounting, as has already been stated hy our 
honoured Director in Chief, to the sum of 24,000,000/. an- 
nuailj in the rough state. So bountifully, indeed, has our 
oonntij been enriched bj ftoyidence witk these sources of 
wealth, and in a degree so much higher than any other region 
in Europe^ that it need eocoite no sorprise if those natural gifts 
wkaxk even aioiued the indnstrjr of the early Britons, and 
eoDoited the ci^idiQr of their Boman oonqaerors, yield at the 
present day an amount of riches far greater than those pro- 
duced by any other nation. Let ns, then, consider the great 
population supported directly by the ecctraction of these minerals, 
and indirectly by their application to tbe arts, — the main- 
tenance of liuiidreds of thousands of mun b} these not in- 
exhaustible stores, — auii the entire de})endence of our wliole 
manufacturing and commercial system on the supply of fossil 
fuel; and we cannot fail to arrive at the conviction, that in 
exercising the stewardship of such gifts of Heaven, the nation 
has a high and responsible duty to ]>erform, that waste and 
improvidence are a national sin, and that it behoves all who are 
in any way connected with the working of our mines to lend 
their best endeayonis to the perfecting of the most economical 
and efficacious means of rendering all the prodncts of our mines 
available to the uses of mankind. 

It is not pretended that by any plan of education in. an 
Instttntion of this kind» it is possible to make a nuner, or in 
other words^ to prepare a man for taking charge of a mine as 
soon as he has left our walls: not more reasonably should we 
expeet that a lad drilled in the cksses of a naval college were 
at once metamorphosed into a sailor, fitted at once to take 
command of a ship. Yet siu-ely no one will deny, that if in 
that school he has leai'ut to box the compass, to knot and splice, 
if he has worked out problems in navigation on sound 
mathematical principles, if he has been taught by descrij tions 
how to handle a vessel at anchor in a tideway, or on a leu-shorc, 
he will be infinitely more ready to take advantage (»f circum- 
stan^ and to make rapid progress, than if he had been sent 
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on board uiikiKJwiriir of these things and tlieir principles. No 
"royal road" to leaniiug, no legerdemain of "cramming," can 
make amends for the want of time and pains bestowed on the 
acquisition of practice; and as with the seaman so should it be 
with the miner. 

Bj description* bj drawings, and models, it will be Ofmr 
end^Kvour to make the student familiar wilh the diief phases of 
the operations practised in various regions, and under diflferent 
conditions. He will have^ each year, the opportunity of dosely 
inspecting the mineral features and particular mining processes of 
the districts under examination by the Geological Survey ; and, 
when furnished with this preliminary knowledge, will, I doubt 
not, [)ass to his sphere ()f probation bettor qualified to observe 
and to compare ; w liilst the practical experience which he must 
after\\ai (l- acquire ^vill be superadded to what he has already 
benefited iVuni the labours of others. 

Before^ wo proceed to examine farther into the general ques- 
tion of the inqiortaiiri of endeavouring to establish in Britain 
a system of technical education for this departmeut, let us con- 
sider the dehnition and principal heads of the subject before us ; 
and, whilst so engaged, let us take an instance from each division, 
illustrative of the gain to be derived irom an extended acquaint- 
ance with the modes of treating it. 

The art of mining comprehends all the processes whereby ^e 
useful minerals are obtained from their natural localities beneath 
the.suriace of the earth, and the subsequent operations by which 
many of them must be prepared for the puiposes of the metal- 
lurgist 

In the first place, among these processes must be mentioned, 
the searoh for localities in which we may reasonably ho])e to 
meet with the minerab occurring either in beds or lodes. It is 
obvious thai a combination of geological ami niineralogical 
knowledge is requisite foi- success, and that a mere empirical 
tact obtained in a given district may lead to ftital mistake^ in 
another. Amid the phenomena of the lodes, their frequent 
heaves and dislocations, an<l tlieir different appearance when 
bounded by different rocks, call for close attention ; and although 
from lack of suSideut and well recorded observation, the prin-* 
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ciples upon wliieh a criterion should be fuuiulcd are far from 
fixed, we often find that a superior degree of rrciieral expeiieuce 
has l>oer! i L\v:u dcd by success, when mere unmtciiigent working 
had been eonipietely foiled. 

Among the methods of proving the existence of iisefid de- 
posits, none has yielded greater results, or is more capabie of 
extended application, tlian the art of boring. For ascertaining the 
position of ooal-fleams, and for obtaining a supply of water, bore- 
holes are frequently sunk in many parts of the country. But 
'WQ have yet, by a comparison of the ptaetiee of different coun- 
tries, and the adoption of a more economical mode of sinking, 
where need he, to greater depths, to increase their sjfinBte of 
utility. At Neusahswerk, near Minden, a bore-hole has lately 
been pierced through the trias formations, to the depth <^ 
2,800 feet, for brine springs; and another, at Mondoif, in 
Luxembourg, to near 2,400 feet, which, though unsuccessful in 
discovering salt, has supplied a spring of above 2 1 cubic feet })er 
minute. At these and various bore-holes of less deptli in 
Grerraany and Fi*ance, a variety of aj/parutus ha^i been employed, 
a complete study in it<ielf, much of wliirh has lx»en serviceable in 
greatly reduciii Lr tli» time and cost of such oj>erations. We may 
instance tin ingenious instruments of M. Degousee, the "free- 
falling" cutter of iierr Kind, and the hollow iron rods of Von 
(Eyidbausen, as a few of those which are well worthy of atten- 
tion for the good sendee rendered in the execution of great 
works. Again, we know far too little of the routine of the 
Chinese well-borers^ who ha^e succeeded, according to the 
detailed statements of Father Imbert, in attaining ihe eztra- 
ordinaiy depih of 3,000 feet, by their simple and inexpensi^ 
apparatus of rope-boring, an example which has been success- 
fully imitated in the chalk districts of France. 

The next division of importance embraces the tools used in 
mining. One of tiie greatest advantages which we eqjoy over 
our forefathers is the use of gunpowder in rending a path 
through the harder rocks, which they with enduring and patient 
labour were oblige<l to cut away with hammer and wedge. But 
the implements emj»loye<l in various district- differ not onlv in 
form and weight, but in their material and useful eilect. Let me 
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only allude to one point : m scaraly any of our nuneB* whedKlr 

in the north or south, has it been attempted to use borers of 
steel ; iron is almost uiiiversaliy, with us as in most parts of the 
continent, the material of which the shank of the borer is 
composed. Yet in Saxony, for many years past, as also in 
Derbyshire, and at Ecton, the work has been advantageously 
carried on Nvith borers of steel alone. Accuraie experiments 
made and recorded at Esehweiler, and at Mannsfeld in Prussian 
Saxony, have been attended with favourable results ; and Mr, 
Hogers of the Abercarn Collieries has succeeded in proving, 
whilst sinking a large shaft in haxd rock, the value of steel tools, 
a set ckP samples of which were ])laced in the Great Exhibition, 
and aflberwards presented to this Museum. Although the suit- 
able tempering of cast steel is attended with some difficulty to 
the inexperienced, the following reasons for its preference to 
die ordmary material have been established, viz., the great 
saving in wear and tear ; the reduction ol original onday, since 
the stock of steel borers may be smaller than that of iron in a 
lower ratio than that borne by the price of iron to steel ; the 
diminution of smith's costs for sharpening, and of time lost by 
borinu' with a blunted edge, and the greater convenience of ' 
can iai^e in and out of the niine. Farther, tlie superior com- 
pactness of the material transmits the force of a blow more 
efficaciously to tlie rcMjuiit-Hl point, ;i fact corroborated by the 
observation that an iron l»nnT will rut less ground with the same 
numlxir of blows when new than after lieing for some time in use ; 
And it need hardly to be addetl, that in the questions of time, ma- 
terial, and cost, connected with the breaking of ground, we touch 
on some of the most important elements of economy in mining. 

I will not detain you with an enumeration of the {mints to be 
dwelt upon in the form of the excavations by which we enter 
into the earth, whether by the driving of levels or the sinking of 
shafts under different circumstances; nor, from among the 
xAodes of securing them by timbering, masonr}% or ironwork, 
shall I do more than bring to your notice one ingemous appli- 
cation of physical sdence to these purposes. It is w^ known 
that the sinking of a shaft through loose sand or watery rock 
oft^n besets with great and sometimes with insurmountable ob- 
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stades iihe approaeh to the nsefol mineraJs which lie in finn 
ground below. On the banks of Iihe Loire repeated efforts to 
reaoh the ooal meastires through a thick bed of alluml sand 
had fiuled, owoome by the great influx of water and loose 
material; when M. Triger bethought him that the simplest 
mode of vanquishing the difficulty was to dam back the water by 
employing a constant resisting force which might be maintained 
at small expense, in place of a moving po^yer ol" enoi moiis coit. 
It was, in fact, to pump into the iron cylinder w hich foi niud his 
shaft such an amount of air that the pressure on ihv Ixittom 
from within should be cnjual to the pressure from without ; and 
the water was thus i)revented from rising above a given height. 
Placing a cover on the cylinder, through which two pipes are 
inserted, one convejdng the compressed air into it, the other 
dipping into the watery stratum, he found a stream of water and 
sand poured through the latter whenever it was unable to escape 
vapidly enough daewhere. Then, in order that the men might 
enter upon or leave their working place without disturbing the 
equilibrium of the ibroes, he applied the principle of the canal 
lock, fitting an upper chamber in his shaft, where^ when the 
upper door was closed and the lower one opened^ aU was filled 
with the compressed air; when the lower one was closed and 
the upper opened, the air-lock was relieved from its super- 
abundant air, and men or materials might be introduced. Pages 
would Ijo filled with the details of the dilbculties met and over- 
come, and of the successful adoption of the principle in the sink- 
ing of Vdvfjrvv and deeper shafts ; suffice it to say, that M. Triger 
succee<ied, surnmnded by water, in joining his cylinder to the 
solid rock at a depth of 852 feet from the suifaee, liaving proved 
that human life could be supported, and work done, tor many hours 
together under a pressure of atmaspheres. His procedure is 
marked by manifold advuitages, and admits of various applica- 
tions; — witness the removal of rocks in the harboiu' of Croisic» on 
diy ground, whatever die state of the tide. Verily, if Canute 
had possessed a Triger among his courtiers, he might, to better 
purpose, have defied the rising flood to touch his royal foot! 

We shall be unable hm to glance even rapidly over the 
vSbhj systems derised for working out the minerals attamed by 
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tbe foregoing operations : let us only scan an isolated oasa 
The magnificent seam called the thick coal'* of Dadky has 
been worked throughout the entire field on a principle wiudt 
by taking the whole height^ 30 feet, at one time^ has been 
attended with such danger as to cause almost weekly some fright- 
ful and fuliii accidents, au<I to exercise morally a pernicious 
influence on the character of the colliei^; whilst it has necessi- 
tated the leaving of so large a proportion in " pillars" and 
"ribs," that only (mm 11,000 to 1 5,000 tons of coal have been 
obtiiined out of MhOOu contained in the acre. Here then is a 
loss to the national wealth of useful lite, and of about two thirds 
of the finest fossil fuel in Britain, the money value of which 
Avould amount to many millions. Yet for twenty years pasti in 
that ver} di tiict, one group of pits has been worked on a 
system by which the coal is taken in two successive stages, where 
the men work in comparative safety, and where, instead of 
1 1,000 or 15,000, 26,000 tons are realised per acre, although the 
seam is lliefe of less than its average thidmess. Consider 
only for one moment the beneficial effects of improved means of 
extracting the coal fipom our mines: it is supposed that the 
total quantity annually brought into use amounts to above 30 
millions of tons; and if an economy of but threepence per ton 
were eflfecte<l, by reducing friction, ineffective labour, or other 
sources of wasted power, a sum of nearly 400,000/. lyev amium 
woul<l bo saved to the conntr>'. 

We must omit to speak of the modes of transport along the 
underground roads, of raising the minerals to the surface, and 
of pumping the s!i])terraneous water, accomplished by an amaz- 
ing variety cf apparatus and machines. Nf)r can we dwell upon 
that important subject of ventilation, to which our attention is 
so of^ and forcibly called by the fearful catastrophes occurring 
in our mines from its absence w mismanagement. I would 
only call attention to the rude method of dispersing noxious 
gases figured by Agricola 300 years ago, and in some of our 
districts still adopted, under the term of brushing out the sul- 
phur,** as ihd only means of rendering a place safe for the men 
to work in. But although even at that early day more refilled 
processes had been introduced, as evinced by his description of 
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llie ventilating fans, let us compare all those puny means, and 
the efficiency of ventilation in the great bulk of our collieries 
with the flkilfnilj applied and fiercely biasing furnaoeft of some 
of the great nortihem mrnes, where a current of 150,000, or in 
one case near 300,000 cubic feet of air in one minnte are circu- 
lated tfarotugh the devious passages, and rush to the upcast shaft 
wiih the velocity of a hurricane. 

Nearly related to this division, as regards the question of 
humanity, is the true construction and the preservation of mining 
plans. Take an iustauce in whicli tho loss of 100 livos may 
ensue from the i^orance of a physical fact. Those faniiliar 
with the mining districts are well aware that the gi*eat majority 
of their maps are laid down without any reference to the pheno- 
meiinii of magnetic variation. If, then, a colli or yl to in operation 
on the dip of old workino^s filled with water, the tap})iii;^ of which 
would be death to all employed in the pit, and the maj>s hail been 
constructed some years previously with respect to the magnetic 
meridian alone, the variation may in the mean while have so far 
dianged that the exploring drifts supposed by the manager to be 
gomg dear of the known danger may, in reality, lead him straight 
to destruction. The art of surveying is, however, too important 
and extensive to be included in the lectures on Mining, and will 
ultimately, we hope^ form the subject of a sqiarate course. 

The last grouj) of operations to be included is the dressing of 
ores, on the efficient conduct of which the success of many amine 
may depend. Whilst the Schemnitz miner is able to work 
actual gold ores broken from great depths, which, Ijosides a little 
lead, contain no more than one part of gold in 228,000 of stone,* 
and whilst the Russians wash in their stream-worki> sands con- 
taining only one i)art in lialf a million, we leiirn from description 
that the Californian and Australian are employing processes 
more rude than what they might have copied from the miners 



* In 1841-2, what I pMsed some nionfhs among the mines of Ilungaiy, 

much hafl been done and vra? still doing hy my friends the lato Oberst- 
kainmcrgraf von Svaiczer and Mr. Rittingi r, tho Inspector of Stamp- 
works, for tlie improvement of the dressing of gold and silver ores ; and 
the works at Antal and Illia, near Schemnitz, were well worthy of ad- 
nindon for their scale and fioononj'* 
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of three orfimr oentaiies sSmoe, and thafc(ina«!nnoh as die poorar 
part can only be profitably irorked in ooiganotioii yriOk Hie 
richer) ih^ are actoaUj losing for ever a largo proportion of 
the riches showered by nature upon those kmdai 

Such are^ in few words, the processes which will fbim the 
substance of a course of instruction in the art of mining' ; and it 
need scarcely to be observet! that a preparatory ae^iUiiiiiUince 
with physics, ge(>l^i^ v. and practical mechanics is indispensably 
necessary. For thi.^ reason it is proposed that the Lectures on 
Mining? shall be given to the students of the second year, already 
])rovided with the })reliiiiinary studies, some of which have hvvii 
commenced; but in order to obviate misconstruction, it is 
proposed during the present season to deliver a concise course, 
intended simply as an outline of the sul^ect, leaving the mora 
detailed treatment for the ensuing year. 

Amid the entire circle of the sdeooes we can hardly mentioa 
one which the accomplished miner may not at some time call to 
his aid, from the science of numbeia, on which all his other 
knowledge should be based, up to astronomy, whidi may assist 
in the construction of his maps* We cannot^ indeed^ eipeet 
that many will become^ tike Humboldt, (who was edneaiad, and 
for some time practised, as aminer,'*') master inseveral sdenoes ; 
but when we add to these the acquaintance with business routine 
and commercial questions which the manager of mining property 
ought to [wssess, is it not clear as the noon-day that for those 
who desire to excel in this profession a special cdiicatiou ought to 
be superadded to the training of our schools and colleges? And 
is it not equally clear that with >o vast a field of inv^tigation 
before him the intelligent inquirer must ever remain a student, 
whilst only the shallow pretender can affect to be the arbiter of 
the difficult problems which daily present themselves ? 

From the examples above adduced I trust that I shall be 
justified in asserting, that a communication of knowledge, whether 
of the principles or of the practices iuTolved in mining, mnst be 



* Aloxandor Von Humboldt was a student at the mining- ncademy of 
Freiberg, in Saxony, in 1791, with von Buch, Fieieslebeni and Other 
coryph(si of miucralogical and geological Bcienoe. 
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ttteniled by great peeuxiiaiy gain to ihe coimtiy at large. We 
shun be met^ in the outaeti hy the ai^gument moie suited to the 
Cape Boer or llie Ouniefle than to the progressive Anglo-Saxon, 
that because otur fiiihers have done very vnell vrithout it we 

may easily dis])(.'nse with any such innovation ; and that the 
immense mineral production of Hi itiiin is the best jtrouf that 
we need not to follow the exainple of nations viiuihle, with 
all their sclioolinnf, to rival us in that respect, l^ut lot us not 
overlook tho <]:i"eat natural advantages with wiiicii we hrno Ix-'cn 
favoured, nor forfret, that akhou<rh individual iJCrseverance has 
done much, very nnieh, among us, we must still dei)end for 
adTancement in a great degree on the exj)erience of others. Tn 
good truth "he that neglects the culture of ground naturally 
fertile is more shamefully cul[)al>le than he whose field would 
scaiedj recompense his husbandry : and it is as rational to live 
in oaves till our own hands have erected a palace, as to rejectaJl 
knowledge of archHeeture which oar understandings uHll not 
supply."* 

TakiDg even the present state of our knowledge as a standard, 
let us balance the argument on such crucial qnestioDS as the 
foHowing. Do cases occur in which mmeral substances are 

neglected from ignorance of their nature? Is it true or not, 
that others are wasted and lost to the nation by thi i li;u;uter of 
the present operations? Do not crowds of well-meaning adven- 
turers me their iutnHluction to the mining schemes of im])ostoi-s? 
Are not hundreds of human lives sacrificed to a want of jtrecau- 
tion and prudence? Is not the conditioji of machinery and 
a})paratus in a great pai't of the country veiy inferior to certain 
now existing models? Are there not numerous sources of 
wealth lying unemployed from the uncertainty consequent on a 
want of former records or present knowledge ? No one, T am confi- 
dent, acquainted practically with oiu* mineral districts, will hesitate 
in relaying, that in all these points great and salutary changes 
may be inade^ and that enlarged opportunities of learning ac- 
ooided to the mine agents must produce their fruits in due season. 
As for the miserable plea of ignoranoe, that the country cannot 



* JohoioiL liambler, No. 154. 
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fell to prosper, in whatever degree Iier sons may squander tlie stores 
of nature deemed inezliaxistiUe, — it but l«ids the miod back, 

through many centuries, to an instance of similar reckless boasting, 

foUowLMl })y a -svarniiip: fate. In the palmy days of Athens, when 
the silver mines of Laaiioii were \ i\ irvinp^ art, commerce, and 
luxury, Xenophon asserted, in a formal treatise on the revenues 
of the state, that " whatever number of men lutd IxHjn employed 
in those silver mines, no diminution had been ])rnctically effected 
in the (jnantity of the ores ; — that there was no limit to the pro- 
ductiveness of the veins, either in depth or in extension, and that 
their riches, in fine, vrere inexhaustible/*'^ Let any one con- 
trast sueh assurances viith the beggared state of the land ever 
since. 

I would be far from stricdy comparing the conditions of 
Attica or its people vrith our own; but we must bear in mind, 
that in all our mining districts the minerals are eziiacting at a 
fearful rate, and each jear in an inoreasing ratio, and that after 
a certain lapse of time scarcity and increase of jaioe must neosa- 
sarilj follow. In the meanwhile^ vre have numerous rivals in 
other and less fevoured lands, doing their utmost to make up 
for natural disadvantages by fostering education and acquiring a 
sound knowledge of the principles on which they act. In this 
race they have often been checked by jiolitical troubles and 
peculiai ities in their social relations ; but, having so thoroughly 
secured each onward step as to be comparatively independent of 
the fleeting skill of individuals, they nevertheless press forward 
again in the same }>nth ; and when the day comes that our pre- 
ponderance in naturid treasures is reduced to something nearer 
equality, — ^when deeper and thinner coal seams must be wi-ought, 
when poorer ores of the metals must be more highly prized, and 
when the products of our manufactures can only be brought into 
oommeroe at higher prices, — then must the star of England's 
prosperity decline, unless we keep our vantage ground by the 
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superior skill and knowledge to which technical education must 
greatly c()atributc. 

Thus far we have directed our attentiuu almost exclusively to 
the material advantages, or, in other words, the pecuniar)- returns 
to be expected frcan the cultivation of these subjects. I have 
dwelt so long on such topics because the main olject of the 
foundation of this oouise of instruction has refisrence to that 
point of view. 

Bttt I should ill appreciate the diameter of this audience^ 
and do violence to my own feelings, were I not, in conclusion, 
to protest against that debasing spirit whidi would decry all 
branches of knowledge except those which are at once com- 
merdally profitable, and which would practically inculcate a 
belief that the acquisition of money is intended to be the great 
end and aim of liuinan existence. Shall we, for their owti sake, 
examine the works of the architect, the painter, or the jioet, and 
analyze the rules upon which his art is founded, wliiK^t wo yet 
remain indifferent to any one department of the rich storehouse 
of nature, opened for nuuis inspection by the Author of all 
things ? 

Behove me, that the phenomena of mineralogy, and the jjrin- 
ciples which regulate them» are, though different in their kind, 
no less beantiM than those of animal and vegetable life ; and 
they possess the additional source of interest, tliat they may 
guide us to the wider sphere of ^peculating rationally on the 
constitation of Hib oibs which roU with us through endless 
qiaoe. 

WitJi reason has a Turkish anfhor* said, Consecrate, 0 my 
son, the aurora of thy reason to the study of the sciences; in 
the vidssttudes of life they are an infinite resource, tiiej 
form tlie mind, they polish the understanding, they instruct 

man in his duties, they delight and amuse us in prosi)erity, 
they Ijccome our consolation in adversit}'." Indeed, to the 
student in ids cabinet, no less than to the traveller through 
Alpine pa^^es, or over regious explored by the skill of the miner, 
the study of minerals otters at the same time an attractive 



* Nsbi a coomellor of Suitan MuaUpka UL 
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recreation, and an efficient method of disciplining the faculty of 
ol>servation. The closer we investigate the principles on which 
their constitution and their physical properties depend, the more 
are \vc startled by new and couvincinsr proofe that it is only the 
imperfection of our knowledge which as yet preyents us from 
seeing more than tiie glimmering outUne of that harmony which 
pervades all the works of nature. The system of law, the 
vofiof 6 irdvrav fiaai\iV9 of PuxdATy wofkiDg as surely in the 
particle which vanishes firom our power of sight, as in the 
loftiest mountaui mass, reveals itself with more distinctness tiie 
farther we advance; and altlioagh the difficulties of inquiry are 
heightened, so are its pleasures also increased bj the ties of 
brotiberhood, which springing heaoe unite our pnismts witb tlie 
other natural sciences. 

Nor let it be supposed that die details of mining aie unpro- 
ductive of advantage to anj but the profesnonal miner. Deep in 
the bowek of the earth the labour of generations has wrought out 
edifices no less worthy of admiration than those which the skill of 
the arcliiteet has rearo<l iij)on her surface ; and if. in the latter 
case, we esteem it desiral)le to learn so much of the principles of the 
art as may i'iia)>le us to appreciate the desin-n of the craftsman, 
so in the fninu^r shall we find in the magnitude of the ope- 
rations, ill the diyorsity of the natural appearances brought to 
light, and in the ingenuity of the processes adopted for the 
maintenance and extension of the works, a harvest of facts no 
less interesting than suggestive of farther inquir)'. 

Whateyer may be the imperfection of the teacher of tiiese 
subjects, there is in themselves so much that is exacts so much 
that is vast, so much, in fine, that is most "wciAj of man's 
highest powers, that v^e may hope, out of iStte number who will 
enter with us on the cnirieulum, to see some few, at least, who 
will not stop short at that point whence they m&y obtain 12mo 
worldly ends, but will persevere towards that goal of higher 
knowledge which has been, and always will be, (]» olject of iJie 
noblest of mankind. 



,0n the Importame of Special Scientific Knowledge to the Prac- 
tical MBtaBur^. (Beinff the JSvlroducUny Lecture to ike 

Comse of Metallurgy. Sesaiou 1 85 1 — 1 85 2.) 

By Joes Psbct, M.D., F.B.S. 



Tbb taljeet wbieh I have been appoiiited to teach in ibis 
Insiitutioin is essentially pracfcical in its chancter and relations. 
In tlie introductory disoourae^ wUdi I am now about to deliver, 
I shall explain the nature and object of the instruction which I 
propose to import, and point out what I oonoeiye to be its 
advantages. 

Metalluror} , ;ls at jiresent understood, is the art of extracting 
metals ii om their ores, and adapting them to various j)ur|K>ses 
of manufacture. I his dptiTiitioii, however, is not rigidly exact, 
nor can I fi*amc one in tew woi ds that is so. 

The ctymolo*ify of the word "metallurgy " would seem to imply 
a more extended meaning, and include ail the arts in which 
metals are wrought into objects of utility or ornament; but this 
is not the meaning now attached to the word. 

The metalluigist receives the ore from the miner freed as 
perfectly as possible by mechanical processes from foreign matter. 

The knowledge of the principles of metallurgy is the science 
of metallurgy. But as fhe phenomena observed in metallurgical 
processes relate to physics and diemistry, and as mechanical 
im»pfianoes of various kinds are employed in these process^, it 
fi^ows lhat chemistry, physics, and mechanics must be the 
foundation of the science of metallurgy. In <»der, therefore, 
that the student may with advantage enter upon the study of 
metaULugy, it is essential that he should possess a considerable 
amount of pjeiiminary knowledge. 
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The history of metallurgy dates from remote antiquity ; and, 
as Lc Play con*ectly observes, " most uf the fuiulaniental phe- 
nomena of metalhiigy were discovered and regularly ap])lie<l to 
the wants of man l)efore the phj'sical sciences pru^ierly i»o ealled 
existed/'"^ Metallurgy may, indeed, be said to have given biitk 
to cliemistry. 

My colleagues having addressed you at some length on the 
aid which science may be expected to rcnder to the mamifiictcir" 
ing arts, it might appear su()erfluous that I should occupy your 
attention with the same subject. I slmll, however, do so for two 
reasons first, because I shall be able to adduce from mj own 
observation several striking cases in illustration of the advan- 
tage of the application of sdenoe to practical metaUuigy ; and, 
secraid, because the practice of metalluigy; so &r as relates to 
magnitude of operation, having been developed to an nnparallded 
extent in this country in the absence of specific public instnio- 
tion on t^ subject, it is necessary to justify the providing of 
such instruction at the present time. 

As the word "science, " iji relation to a manufacturing art, is 
often used by persons w ho seem to have no precise idea of it, I 
shall first adduce a simple illustration of its meaning. There is 
au ore? ot* cojiper, coni}>osLHl oi cojiper, iron, sulphur., and silica. 
AVliiMi such au ore is su)>iocte(l to a series ot jiroeesses consisting 
of healintj it with the access of air, meitin'x, (Sic, copper is se|)a- 
rated in the metallic state. The sum of these processes is termed 
the smelting of copper. Now in this oi)eration of smelting 
various chemical changes take place ; the sulphur combines witli 
the ox>gen of the air, and is evolved in a gaseous state; the iron 
also com bines with the oxygen of the air to produce oxide of 
iron, which combines with the silica to form a slag, while the 
copper is s^arated in the metallic state. We have thus several 
facts, which are proved by chemical evidence. These &cts maj, 
when properly arranged, be said to constitute the scientific knoW" 
ledge of copper-smelting; and that knowledge implies necessarily 
a knowledge of the chemical relations of copper, iron, sulphur, 



* TjO Play. Description <1<'-» Proodden Metallurfriqups employ^ dans lo 
Fays do Gralles poor la fabricatiou da Coivre. Paria, 1848. . 



TO XH£ PBACTICAL METALLURGIST. 



1S9 



oxygen, and silica to each other. There are also many other 
facts connecte<l ^Wth copper-smelting; but those which 1 have 
selected are sufiicient for the present pnr]>ose of ilhistration. 
Now, tlie niiui who conducts the process of cop|K?r-snieltinir in 
ignoraiK'o of these facts hai> .simply au euipirical knowledge, in 
contra-dtstinction to a scientific knowledge, of the process. 

That a scientific knowledge of the process may be important 
to the man who directs copper-smeltiDg works would hardly 
seem to require an argument. It may, however, be objected, 
that the process is often satisfactorily conducted by men whose 
knowledge is purely empirical. Now the objection would have 
some weight if it were admitted either that the process is inca« 
pable of further improvement, or that die ores upon which such 
men are accustomed to operate were not liable to vary in com- 
position. But such an admission would be a i)urely gratuitous 
assumption; and the ores do occasionaUy contain unexpected 
ingredients, which, in the event of precisely the same process of 
smelting being pursued, would t^id in a very sensible degree to 
deteriorate the (piality of the copper jiroduced. Hence, igno- 
rance of the presence of such ingredients on the ynivt of the 
hnulter may occasion pecuniary loss; and. in ignorance lK)th of 
tlie ("siiscs wliieh thus may injure the copper and of the scien- 
tlHc kiMi vledno oi" the process of smelting, he is certainly not in 
the most tavourablc condition for devising an aj>proj)riate remedy. 
It is true that by a series of blind trials a suitable modification 
of the process might be stumbled upon ; but it is equally ti'ue 
that with the aid of special scientific knowledge there is much 
more probability of an iving at a solution of the difficulty with 
lar greater economy of time and money. The case which X 
have put is not imaginary, but real ; nor is it, as I know from 
my own experience, a solitary one. When I treat of copper 
smelting I shall enter into detail upon this subject 

In support of the general proposition, that special sciontiiic 
knowledge is important to those who direct metallurgical pnK>- 
cesses, I shall now present to your notice several cases, most of 
which I can myself substantiate. 

A party purchased a large cjuantity of a particular ore, at the 
cost of many thousand pounds. Another party purchased at the 

K 
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some time a mueli larger quantity of the same cnre, at the flame 

price. To treat this ore profitably, special scientific knowredge 
was essential. 1 he former party possessed that knowledge, and 
gained thousands by bis purchase ; but the latter had it not, and 
last money.* 

A manufacturer purchased some metallurgical works, and for 
certain miscellaneous article?; (ni the premises, including a heap 
of waste product, gave only a very inconsidera))le sum. Out of 
that heap, which in ignorance had been thrown aside as worth- 
less, he realized sufficient to pay for the works, the price of 
which amounted to several thousand pounds. 

An eminent oopper-smelter informed me, that his ancestor, in 
pnichasing some old copper-works, obtained in value more copper 
from lihe furnace bottoms than ihe purchase-mon^. In tUs 
instance, perhaps, negligence might be ascribed to the seller, 
but in l^t last mentioned the error was the result of sheer 
ignorance. 

In 1841 a patent was taken out for ^'oertam improvements 

in the manufacture of iron and steel." The invention mainly 
consisted in .soaking the pigs of iron in cold water previously to 
their introduction into the puddling furnacc.f 

Again : a short time ago a patent was obtained for ]>lating 
certain metals and alloys with a particular metal, and a manu- 
factory was erected at a cnnsidoralilr outlay to carry out the 
invention. It was alleged that the importance of the applica- 
tion consisted not only in the whiteness of the metal employed, 
but in the economy of the process. Now the metal in question 
was at that time at least thirty times dearer than tin, and was 
produced only in small quantity. But the inventor was san- 
guine, and assured me that an ore containing forty per cent of 
it existed in abundance, whereas the fact is, ihat only a few 



* It would he imposBible for me, without breach of confldenee, to enter 
into more specific details in the narration of this and the foUowing 
instancea. 

f Patent granted to Wdi. Turner Green and Jamea Gfegory, of West 

Bromwich, StafTordgliirc, for ceriuui Improvements in tlic mnnufnctiire of 
iron and steel, May 14, lfi41. A rrpoit of this patent hn^ tint been 
published, but the original documeut maj be seen at the £urolment Utiice. 
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ounces of such an ore have ever been discovered, of which spe- 
cdmens arc rare even in iiiineraJogical ciibinets; and the ores 
which contain it and occur abundantly in nature do not yield 
more than iwo or three per cent, of it. This case, it is true, 
may be regarded rather as indicative of ignoraiuc <»f mineralogy, 
than of metallurgy'; still it may appropriately introduced 
under the present head, as an argument for the necessity of the 
chfltoion of aocurate scientific knowledge amongst metalhirgistB. 
The inirentor qieculated on the probability of a demand creating 
an adequate supply of the metal at a comparativelj small coat; 
bat special scieiitific knowledge would at least have prevented 
the precipitate investment of capital on sack a speculation. 

Facte soxk as I bave just mentioned should be a warning 
to the numerous class of inventors in this oountrj, whose na^ 
torally sanguine tempmment is liable to disturb the exercise of 
Iheir judgment The published records of patented inventaonSy 
indeed, furnish a sfiriking commentary on the proposition before 
us. The diffusion of the scientific knowledge relating to metal- 
lurgy would often prevent the reckless expenditure of money 
OD worthless patents. 

Very striking iustances in Mipjtort of the same proposition 
may be ilct jNcd from the im])ortnTit Uranoli of metallurgy termed 
"assaying, or the art of determinnig the quantity of metal con- 
tained in its ores, alloys, or certain other compounds. Without 
a correct assay, it is obvious there can be no certain knowledge 
of the value of an ore ; and without that knowledge, the pur- 
chase of an ore hy ihe smelter is merely a speculation. Nov 
by great practice upon some particular class ores, the meielj 
practical assayer may arrive at accurate resuhs, and yet be 
entirely ignorant of the science of his ait, or, in other wmrds, of 
the diemical properties and relations of the elements upon which 
he operates. But if^ as I have already mentioned in the case 
of the eopper-smelter, he should meet with an ore containing 
foreign and unexpected ingredients, which interfere with the 
accuracy of the method he had been accustomed to practise, he 
would not, i'nmi his want of scientific knowledge, be able to sur- 
mount the difficulty, and would consequently, from his necessarily 
erroDieous result, seriously mislead the smelter ri'specting the 
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indue of an ore. Or lie might equally mislead the seller who 

relics upon his judgment, either by under-estimating the quantity 
of the particular constituent which he seeks to determine by his 
assay, or by overlooking another constituent, it may be of great 
value. Tn illustration of errors of this kind, 1 have selected the 
following in.stanccs. 

An ore of cobalt from \orth America was assayed, and 
alleged to contain twenty per cent, of oxide of colmit, which at 
the time was worth about 30s. a jKJund. The assayer, however, 
had made an important mistake ; for what he had estimated as 
oxide of cobalt consisted of oxide of cobalt and oxide of man- 
ganese, in the proportion of two parts of the former to three of 
the latter ; the oxide of manganese being in tiiis instance not 
onlj utterly valueless, but positively injurious. 

An experienced copper-assayer, on assaying a particular ore, 
obtained what be believed to be nickel-speiss: that is, a com- 
pound of nickel and arsenic. Now, nickefis a valuable metal, 
being worth at the present time eight shillings a pound. But 
the supposed speiss contained not a trace of nickel, and was 
proved to be only a compound of iron and arsenic, a compara- 
tively worthless product. On the ground of this assay, I beUeve 
a quantity of ore had been dressed for the market. 

The foUov.ing is a curious and romarkaljle instance ef the 
importance of accurate chemical knowledge to the metallurgist. 
ITieUj^per Hungarian IMiniiig f 'ompanysmelttMl. during several 
years, a species of co]>per-(ire termed fahlerz, in ignorance of 
the fact that it contained mercury, mIhcIi was ultimately dis- 
covered bv the accidental ol»servation of a workman. Means 
were then adopted to collect the mercury, of which the present 
annual produce amounts to 30,000Z. in value.* 

Not along ago I visited, in concert with my friend Mr. 
Henry, a tin-plate manufactory. In the first i)art of the pro- 
cess of tinning there is eonstantiy formed a black powder, which 
from time to time is removed from the surface of the melted tin. 
On interrogating the manager, who conducted us over the esta- 
blishment, it apiieared that he was ignorant of the nature of that 



* My friend Profesisor SzalKi, of Pestli, is my authority for this statement. 
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pofwder, wbieh Mr. Henry on subsequent examination found to 
contain ()2 per cent, of tin in a finely di\'ide<l state. Our guide 
susjiected that it contained silver ; Init liis; know k-dnro was limited 
to the fact that, whcM cas it was formerly tin t »u a iiitu tlic adjoin- 
ing river, it was afterwards soid for a few pounds a ten, but now 
realized ten times as much. 

Occasionally a large sum of inoricy may dopciid upon an as- 
sayer possessing a profound knowledge of certain departments of 
analyticai chemistry. Thus, not lonrr ago there was a dispute 
between the Bank of England and the Mint respecting the re- 
•coinage of a million of sovereigns. On meltinji thr jrold at the 
Mint several pounds weight of a metal were obtained whi<^ had 
not been previously detected by the assayer. That metal was 
chiefly iridium, which had been simply mechanically diffused 
through the gold, and which, in the state in which it was sepa- 
rated, was comparatively valueless. The question then arose 
whether IheBank or the Mint should be responsible for the loss; 
and it was some time before a satisfactory conclusion was arrived 
at. I do not mean to imply that the slightest blame was due 
to the assaver in this case, because he had no reason under the 
circumstances to suspect the presence of iiiiliuni in sensible 
quantity. 1 relate the fact, simply to show tliat an assayer of 
the ])i'ecious metals may l)e cjiHcmI upon to determine the pre- 
sence or absence of iridium in LTold, and, 1 may add, of other 
metals also, which, for their s;iti>factury detection, require no 
ordinaiT skill in one of the most difficult departments of 
analytical chemistry.''' 

It would be impossible to insist too strongly upon the im- 
portance of assayers generally receiWng sound instruction in the 
specific department of analytical chemistry, which relates to 
assaying. 

Did time permit I could adduce many more instances in sup- 
port of the proposition, that S])ecial scientific knowledge may be 
important to die metallurgist. I could mention one case in 
which, I have been credibly informed, thousands of pounds 



• The presence of minute pai ticU s of the alloy of o^minni and iridium 
in gold is sometimes very annoying to jewellers ami watcli-ca«e makers. 
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wordi of gdd were lost a Utmder; and otfaeis, in vihkk the 
want of scientiiio Icnowledge liad occaEdoned hearf loss; but I 

have preferred placing before you those instances only upon the 
accuracy of which you may rely, as T have derived them either 
from ]iersoniil knowledge or unquestionable authority. But it 
will not, I think, be denied, that the imitances wliich I liave ad- 
duced of themselves afford sufficient evidence of the iTii]>ortauce, 
not to say necessity, of speci;ii scientific knowle(ige to those who 
are intrusted with the direction of metallurgical works. The 
interasts at stake in such works are frequently very great, and 
we have seen how injuriously those interests may be affected hj 
the want of such knowledge. 

It must not be inferred from the fbregoiQg rraiarks that I 
undervalue practieal knowledge. So &r from this, I am coo- 
Tinoed that scientific apart from practieal knowledge may In 
metallurgical establishments lead to most emmeons and occa- 
sionally ruinous results. Metallurgy is an art» and, like every 
other art, can only be acquired by exp^ence. In many pro- 
cesses success depends upon the discrimination of appearances 
so slight that the eye, in order to detect them, i-equires to be 
educated by close and constantly repeated obsen^ation. No 
description, however accurate and minute, would t iialik; a man, 
though a slu ewd observer, to recognise at first such a p|»ea ranees, 
and conseipiently to conduct processes in which sui-cess essen- 
tiall}' dejKMuls upon tlieir detection. To understand adequately 
the force of these remarks, a practical acquaintance with certain 
metallurgical processes is necessary. 

The descriptiTe expressions occasionally used by the practical 
man may appear to be vague, and ho may not be able to define 
them in language very intelligible to us; yet we may gene- 
rally be siue that they express correctly the result of Ids 
observation, and have a meaning well understood by himself. 
For instance, on inspecting a Mast-furnace in Staffordidure, I 
peroaved that '*tap-cinder*' (slag from the puddling-fumace, 
ridi in iron,) was in^duced into the furnace with a mixture of 
iron ores, not tiien a very unusual and now a common practice. 
I accosted the foreman of the works, and asked him bis opinion 
concerning the eiiect which he supposed the uso of tap-cinder" 
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would produce upon the iron. His reply was, that " cinder has 
no nature lu it." Now the tcini "nature" expressed his 
experience of the quality of the iron when "cinder" juul ore 
were smelted together; and, as I knew what that quality was, I 
knew exactly what was meant by the term in qiicstion. 

The knowledge of tlio science of a nietjillurgical process 
would of itself be a very insufficient qualification for the man 
mho directs the manufactory. Let a chemist, for example, who 
may perfectly understand the theory of copper-smelting, but 
who is entirely ignorant of the practice of the art, attempt to 
take the management of eopper-smelting works, and he would 
find himself embarrassed at ^e outset : he would not be able to 
form a correct judgment in a single step of the process. 
Without experience he could not decide whether the requisite 
degree of heat was produced in any of the furnaces, or whether 
any of the various operations of smelting had been projierly 
effected. Again : let die chemist who has received his education 
exclusively in the laboratory, and who, consequently, has only 
been accustomed to deal with (|u;intities, bcbinqtly required 
to dissolve a ton of co|ipei- in siii}>]iii! ic acid, and at fii-st he 
would nut bo a little perplexed : he would find liow ditterent the 
manipulation of the laboratory is from that of the manufactory ; 
he would have to consider of wliat uKiterinl he should construct 
the vessels in which to ettect the solution, — of what form 
and size they should be, — and in what manner heat coidd be 
best applied ; only the chemist who is himself practically ac- 
quainted with the manufactory will well understand the force of 
these remarks. I have frequently convei-sed with chemists who 
have supfposed that their chemical education alone rendered them 
at once fully qualified to conduct operations on the large scale; 
* and who have expressed themselves disparagingly of the prac- 
tical man. Let such meai attempt to conduct tfaye manufactory, 
and, in all probability, it would soon be seen that the price of 
their obtaining tho requisite practical skill would be heavy loss 
to Ae proprietors. 

We are thus led to the conclusion, that while scientific 
knowledge alone will not qualify a man to take the manage- 
ment of metallurgical works, so neither is empirical knowledge 
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the only qualification desirable in such cases; it is clearly the 
combination ot yciciuilic with practical knowletJgo that will 
rentier the managers of such works in the highest degree 
competent for their respon>iMe pobitions. And, accoidingly, wc 
find that our Tnanufacturers liave hcirnn to appreciate the 
importance of tlii> coinbination of knowledge in their managers. 
I could mention several estal)li>]irnents in which the aid of 
science has been sought with no iuconsidei ;d>le advantage. 1 
know that men who have received a metallurgical education ou 
the continent are now employed in metallurgical estabhshments 
in this country; and I know many instances of English students 
seeking that instruction in mining and metallurgy abroad 
« which had not been provided for them at home. It is from the 
combination of scientific with practical knowledge, especially 
in metallurgical establishments, that we may reasonably expect 
improvements in metallurgy. The sdentiiic man, without prac- 
tical knowledge, is likely to project schemes which, however 
plausible they may a})[jear in theory, could not be profitably 
carried out in practice. Without exjierience of the working of 
}>rocesse.s on the large .^cale it would be impossible to form vwn 
an approximate notion of the cost of piofluction ; and the 
ignorance ol iinaiicial cou^^iderations v.liich tlie ^^cientific man 
has not nnfie([iicntly displayed has, T doubt Jiot, in niany cases 
causeci the practical man to undervalue, or oven deny, the 
advantage of the applications of science to manufacturing art. 
On the other hand, the practical man has often elicited the 
contempt of the scientific man, by propounding unphilosophical 
and sometimes absurd explanations of the processes which he 
conducts ; and it must not 1 )e forgotten that the practical man, 
in spite of his purely practical pretensions, wiU generally and, 
acoc^ding to my exi)erience, always bo found ready with an • 
explanation of any phenomena he may observe: indeed, the 
practical man, paradoxical as it may seem, abounds in theories, 
often in the highest degree wild and visionary. From these 
considerations, tlie im[iortanco of the combination of scientific 
with practical knowledge iu thojsc who direct metallurgical 
establishments will more dearly ajipoar. 

. Although the arguments which I have aheaily advanced may 
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be regarded in some measure as a reply to tbe objection which, in 
a former part of this discourse, I anticipated . might be urged 
against the utility of ])rovi(ling jniblic instruction in metallurgy 
in this country, ytt, fi uia its prinid facie pliiusibility, it requires 
a more specific examination. The objection, it will be remem- 
bered, ib, that as in Great Britain the practice of metalluruy hfis 
attained an uii paralleled degree nf de'velojiment, and as this dr- 
vrIu]>nioiit has been etiected in the absence of public instruction 
in metallurgy, such instruction nnist now be unnecessary. 

By de\ c lopment 1 mean magnitude of jnoduction ; but 
magnitude of ])roduction is no certain proof of cori-espondingly 
great skill.. r.et us consider first the special natural conditions 
under which the deyelopment in question has occurred. The 
laigest and most important item of the metallurgical produce 
of Great Britain is iron; and it is precisely that item which, on 
comparing the amount of the' metallurgical produce of Great 
Britain with that of other countries, makes the balance so great 
in favotur of the former. Now, the ores of iron exist in 
extraordinary abundance throughout Tsrious districts of this 
country ; and, what is Teiy important in the consideration, the 
fuel necessary to the smelting of iron exists also in equal abun- 
dance, and, for the most part, in close proximity to the ores of 
iron. We have thus two conditions specially favourable to the 
production of cheajt iron, jilnmdant ore and fuel occurring 
topfctlicr ; and to tliesc may be added the third condition of 
dcn>eness of p<t])ulation, and, as a consequence clicap labour. 
In no other country " do we find an equally favourabJe combina- 
tiou of circumstances for the production of cheap iron, not even 
in North America, where rich coal fields extend over a vast area, 
and the ores of iron exist in great profusion; for, generaUy^ as 
the two do not occur together, the expense of carriage must 
necessarily be considerable. Moreover, as the oountr)' is as yet 
but comparatively thinly inhabited, the expense of kbour is 
greater than in Great Britain. In respect, then, to the capa- 
bility of the production of cheap iron our own country is at 
pi^esent unrivalled. 
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But the mere smelting of iron, a-s compared v>it\i some other 
metallurgical (ipt rations, is a simple process. Al'ter the intro- 
duction of the proper admixture of ores, limestone, and fuel into 
the }>]ast fm-nnce. the only satisfactory indication of the workiii|^ 
condition of the fnmaco is presented by the character of the slag 
as it tiows out at the bottom. The quality of the metal produced 
from the same furnace, apparently under the same couditloiiSy 
varies from time to time, even in two successive tappings.* 
Hence, as in the process of iron smelting there is but oompara- 
tively little opportunity for observation and interference on the 
part of the manager, and asunder apparent identit^r of conditions 
the product maj vary sensibly in quality, the operation itself 
cannot, in respect to the opportunify for the exercise of skilly 
compare with many other metallurgical processes. 

But it must not be assumed that because this branch of 
industry has been generally carried on in this country by men 
who have not a scientific knowledge of the process, it would not 
with the aid of such knowledge has e advanced to a much higher 
degree of perfection, whether as relates to economy of production 
or excellence of quality. Nor nmst it be assumed that because 
the production of iron (and in sjHiaking of iron at the present 
tim(* 1 mean pig-iron) appears to l)e a sinij)l(? [jroeess, and 
because the men who conduct that process have frequently no 
scientific knowledge of it, science has done nothing towards the 
development of the smelting of iron^in this country. Although 
we may not be able accurately to trace the history of improve- 
ment in many instances, yet we may be assured that the im- 
provements which have from time to time been eflfected in the 
smelting of iron have not been altogeth^ the result of accident 
or blind trial. The observation which I have just made re- 
specting the production of pig-iron will also apply to the manu-' 
ftcture of bar or wrought iron, vrith the exception that in the 
latter case there is apparently much greater scope for the 
exercise of skill on the part of the workman and manager. 

There are many problems of the highest interest in rela- 
tion to the manufacture of iron and other metals at the solu- 
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tion .iff whidi we shall, most probabl)-, only arrive bjr the aid 
of seience. I have already alluded to the production of a slag 

termed " tap-cinder " in the conversion of pig or cast into bar or 
wrought iron. Of t\ih shig thoiisauds of tons have, until quite 
i^ecentlv, been thrown awav every vear, uotwithstandiiifr it 
contains a laiger quantity of iron than exists in thi^ tonmion 
argillaceous or most abundant ores of iron; and wlicii it is 
introduced into the blast furnace with the ores of iron it tends 
in a special manner to deteriorate the quality of the iron pro- 
duced. By the aid of analytical chemistry we are, I Ix'lieve, en- 
abled to determine why the use of this slag injures the quality of 
the iron ; and thus, having a correct knowledge of the cause, we 
ate in a better condition for devising means to counteract the 
defiKst lhan we should be if diat cause were unknown to us. 

We import annually a large quantity of foreign iron, espe- 
cially for the manufacture of steel. In 1850 the importation 
amounted to 84,066 tons, the value of which may at least be 
estimated at 500,0002.* Yet, I presume, if a method should 
be discovered by which British iron could be satisfectorily 
substitute<l for that amount of foreign iron, such a discovery 
would be regarded u.^ advantageous to this country. Many 
attempts have been made to effect this substitution, l)ut hitherto 
with only partial, thoujrh, I may add, increasinsr success. Par- 
ticular varieties of iron are recjuired for the pnxbietion of par- 
ticular (juaiitie.s of steel ; and wo are still, in great measure, 
ignorant of the precise chemical differences bet ween these varie- 
ties of iron. But without a knowledge of these differences, the 
determination of which will require the highest analytical skill 
ci the chemist, we can only make blind attempts to solve the 
problem in question. 

In the smelting of copper theve are many points of consider- 
able practical importance which are still very obscure, and 
whioh will carlainly never be elucidated without the aid of 
scienoa Notwithstanding that copper smdting has been con- 

• T make tliesc nnmci ical f^tatemcnts on- the authority of my friend 
Mr. S. jr. l^lackwell, tlic uutlior of the admirable statistical report on tho 
iron trade in this country, contained in the Illustrated Catalogue of the 
Great Kxlubition. 
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ducted in this countiy, during a Ion*; ] eriod, on a scale of 
unexampled magnitude, there is one point ui the last part of 
the process, — the oi)eration of " poling, ' — which is even not 
vet clearlv understood: 1 allude to the effect of " over-iiolinj^." 
llesearches have, it is true, lx?en made on this subject, but still, 
as it appears to nie, without a decisive result. A<^in, the 
quality of the copin r produced, not only in different smelting 
establishments, but in the same establishment, at different times, 
has been found very sensibly to vary in certain respects, espe- 
cially of late, in spite of the efforts of the smelter to produce a 
metal of unifonn qualify. I know, indeed, that in some in- 
stances even smelters of great experience liave taken special 
pitycantions to attain this end, but still not mth constant success. 
Now it is dear, I think, that in such cases chemistry alone will 
enable us to determine ths causes of this variation in quality, 
and without a knowledge of these causes the smelter can merely 
grope in the dark after means to obviate the defect Already, 
I know that in some instances chemistry has rendered essential 
service of this kinil. The variations in quality to ^\ hich 1 have 
alluded are frequently not in the slightest degree indicated by 
the a[)pcarances of the metal, and only become manifest in the 
different processes of manufticturc; to which copper is subjected ; 
as, for t'xaniplc, in rollii!^, liamnierin<i", and staui})iu£r, in dij)- 
j)ing, and in the jxTuliar and sometimes very striking defects 
which it occasions in alh>ys. At a future period I shall enter at 
considerable length upon these points. In illustration of the 
vanations in the quality of copper, I may mention the fact of 
the very different degree of corrosion by sea^water, observed 
especially during the last few years in the copper sheathing of 
the vessels of the navy. 

The smelting of lea4 would also appear to present a promising 
field for the exercise of special scientific knowledge. In this 
country two methods of smelting are practised, and in both the loss 
of lead from volatilization is very considerable, amounting to ten 
jjer cent, or more. Accordingly, flues of great length, sometimes 
exceeding a mile, are constructed in order to effect as completely 
as possible the condensation of the lead smoke or fume. Other 
contrivances with the same view have been adopted ; the smoke 
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lias been caused to pass through vater hj means of powerful 
ezhanstiDg pumps^ or water has been projected in a finely divided 
state, like rain, into chambers through which the smoke has 
been made to circulate; and other methods have also been tried 
with greater or less success, but all attended with no inconsi- 
derable outlay. Now, as my friend, Mr. John Taylor jimior, 
remarked to me, attention should rather be directed to tJie im- 
provement of the smelting process itself, by elfecting, if prac- 
ticable, the separation of the lead at a temperature sufficit'iitly 
low to prevent volatilization. But such an iniprovenient. a(hiiit- 
ting its practical)ilitv, is far more likely to be nia«k' liy the smelter 
who, with a practical knowledge of the j)roc(*ss, combines the 
special scientific knowledge relating to lead smelting, than by the 
man who possesses only the former. 

In tiu-smelting, also, we meet with some interesting and 
importmit problems, which would seem to require the aid of 
chemistr}' for their solution. For example, in the manufacture 
of the best tin-plates, the tin required is of the best quality, and 
has, therefore, the highest price. Tin of inferior quality, and of 
less value by some pounds per ton, is unfit for that purpose. 
Chemistry wiU alone explain why one kind of tin is suitable, 
and another not; and when tiie causes of the difference between 
one quality of tin and another are known, it is not improbable that 
a method may be devised for converting tin of inferior into tin of 
superior quality, the difierence of price between these qualities 
allowing a considerable margin, as manufacturers term it, for the 
expense of a process by m Inch tliat conversion miirlit l)e eH'ected. 

I might also, with e(|ual })roi)riety, allude to the manufaeiure 
of zinc, which, it is to be ho])eil. is not incapable of further ini- 
provemeTit. 'lliore is at i ri sent a greater diiference between 
the value ot" tlit^ ores li ziuc and the zinc itself than in the 
case of any other metal. 

Another very promising field for the exercise of science in 
relatiou to metallurgy is presented by the various metals which 
have not yet received any extensive practical application. Tung- 
sten, for example, is in tliis category; it exists in nature in con- 
siderable abundance, and is frequently found associated with tin 
ore^ from which it is separated as completely as practicable, and 
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dnown aside as worthless. It is trae tbat attempts hm leeenfly 
been made to employ certain oompotmds of the metal in dyeing* 
as had previouslv been done thirty years ago ; bntihese attempts 
have not, I believe, as yet been attended mth any great snooess, 

or a demand for tungsten would have been created in conse- 
quence, which is not the ease. Failures, however, should oidy 
have the effect of stimulating to further efforts in respect to the 
ajjplication of this uietiil, which, I confidently predict, will not 
much longer continue a comparatively worthless sul>stance. 
Very substantial pecuniary emolument -will, certiinly, Ix; the 
reward of the man who shall discover the mode of rendering 
tungsten extensively subservient to the arts. It is only a few 
years ago, that^ in respect to commercial value, nickel occupied 
much the same position as tungsten at the present time; but 
now it is worth Ss. a pound, or about ten times more tlian 
copper. It is the whitening constitueDt of the alloy known as 
german silver. The silver-platers vrho practise the old method 
of plating by soldering, as well as those who deposit the silver by 
the agency of voltaic electiidty, employ this alloy extensively, 
the advantage being that when the silver is worn from any part 
of an article, the alloy beneath sufiSdently approximates to sOver 
in whiteness as to deceive the eye respecting the wear. Some 
years ago, a comjwund of nickel, termed pottery nickel, was 
obtained in the iniuuifacture of cximpoimds of cobalt for the use 
of the pottei s, wliicli was sold as low as three halfpence a pound, 
whereas it would now fetch about 3«. 6<7. 

Titanium is anoiln i metal, which, like tungsten, cvidcntlr exists 
in large quantity in nature, but which has hitherto only been ap- 
plied to a very trifling extent in the arts, especially as a colouring 
ingredient in the manufacture of artificial teeth. I confess lam 
no l)e1iever in uselessmetals, and, therefore, with equal ooniideneo 
repeat the prediction which I uttered in respect to theapplieadon 
of tungsten. Then, again, I may mention molybdenum, tiie only 
practical application of which is in analytical chennstiy; and 
cerium and vanadinm, which, if required, there is reason to 
believe might be obtained in some quantity. We must not dis- 
regard a metal on account of its rarity ; for some of the rarest 
metals have of kte been apfdied with great advantage. I may 
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meoiion, for inrtaaoe, tins native alloy of osmium and iridium, 
wliich only a very sliort time ago was confined to the laboratory 
of iiie Boientifie eliendst. Hie alloy occurs in small grains, so 

intensely hard that the hardest file w91 not make an impression 
upon them. The tips o£ the so-called gold pens arc nuide 
of these grains ; bttt for this purpose only the larger grains can 
be employed. The demand for these grains in the pen-manu- 
facture is now considerable, and the j»rice ian<^('s between six 
and eight pounds an onnee. Iridium has also l)e(Mi a}^j)lie(l as a 
black pigment in paintinc^ on porcelain. In intensity of black- 
ness it is said to exceed all other black porcelain colours, which 
by the side of the iridium-black appear more or less grey. It 
is only within the last few years that uranium has been em- 
ployed to produce the delicate canary yellow colour in glass with 
which we are all familiar; but the demand for that metal is at 
present so conaiderable ihat there is a difficulty in supplying it. 
Another similar instance of successful recent application is 
aflbrded by cadmium, whidi ocoors in small proportion in certain 
ores of zinc. This metal in combination with sulphur constitutes 
the finest and most dnrable opaque yellow colour with which the 
artist is acquainted. The metal itself has also been used in con- 
junction with mercury and tin for filling teeth; but certain 
disadvantages arising from its use have caused it to be abandoned 
for that purpose. T have exj)re»ly been somewhat minute in 
detailing the preceding instances of the successful applicjition of 
metals not long since ref'-arded ;vs valueless to the arts, in order to 
excite and stimulate eftbrts to promote the application of the other 
metals which I have mentioned as still without useful application; 
and, moreover, to encoivage the hope of success by showing how 
extensive a field for application is presented in the various arts. 

Having now, as I conceive, sufficiently esteblished the Im- 
portance of special scientific knowledge to the metaUurgist, I 
proceed to describe particularly the kind of instruction which 
I propose to impart in this institution. That instruction will 
be conyeyed in two ways, by lectures, and by pinctical de-- 
monstrations in the metalluigical laboratory. The student, 
however, before entering upon the study of metallurgy, irill be 
required to give satisfactory evidence of his possessing a com- 
petent knowledge of general chemistry, theoretical and practical. 
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In die lectures, a minute description will be given of the 
cluiracters and properties of the various metak, whidi are 
properly the subjeet of metalluigical inquiry, and of such of 
tibeir compounds as are of special metaUurgfcal importance ; 

for example, their combinations with oxygen, sulphur, phos» 
phoriis, silicon, carbon, &c. Their ores will next be treated of, 
and special attention will be devoted to the consideration of 
certain matters, the presence of wLifli, oven in small (piantity, 
is liable in a marked degree to affect the quality of the metal 
extracte<l. The processes of separating the metals iVom their 
ores as jirepared by the miner will be fully described ; and this 
description will comprise amjile details respecting the apparatus; 
and mechanical appliances generally which arc required in 
metaliurgical operations, as furaaces, crucibles, blowing-engines, 
and rolling-mills. The various materials employed in the 
construction of furnaces, as fire-clay and fire-stones, will be 
carefully passed in review, together with the kinds of fuel used. 
The adventitious products which are obtained in any metallur- 
gical processes, as the various kinds of slag or scoria, and a 
knowledge of which may frequently be of great practical im- 
portance, will be discussed at considerable length. The cost of 
production, and the more important applications of die metals, 
especially as alloys, and to electro-plating, will receive prominent 
attention, as will also the theories of the various processes 
describeil. 

In the lal)()ratory, jiractical instruction in assaying will be 
given, and in those sj)pcial depju tments of analytical eheiuistry 
which have a particular and ini))ortant bearing upon any given 
metallurgical process, i he various methods of assaying in the 
case of any given metal will be com[>ared by experiment. The 
student will also be specially insti'ucted in the use of that in- 
valuable instrument, the blow-pipe, which is not only constantly 
employed in the discrimination of minerals, but may occasionally 
be advantageously used in quantitative assanng. To those who 
may travd in distant parts of the world, the use of the blow- 
pipe cannot be too strongly recommended, as it frequently 
affinrds the readiest and most accurate means of determining the 
nature of ores ; added to which, its extreme portability is a very 
important consideration to the traveller. 
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Moieofver, I shall endeavour to adapt tlie source of study in 
the laboratiny to the special department of metallurgy in which 

it is most imj>ortant that the student should become proficient. 
Tiiui, in tliu case of a student desiring to acciuire tlie special 
scientific knowledge relating to lead-smelting, i should diitjct his 
att^'ntion to that part of analytical chemistry which would enable 
him to ascertain the precise composition of the ores of lead and 
of the ndventitioiis products obtained in lead-smelting, as lead- 
slags and lead-tiime ; and I should also rcfpiire him to (leiiion- 
strate by experiment, as far as practicable in the laboratory, 
the re-actioDs which take place in the process of smelting. 

The lectures will be illustrated by specimens, diagrams, and 
models ; and I may remark that in metallurgical lectures the 
illustratioDs presented to the student are of great practical value. 
It is 4»WCTf<?^ that he should see, and examine carefully for 
Mmsel^ the specimens which illustrate metalluigical processes. 
No description, however accurate and minute, could in many 
cases convey to his mind precise notions of the external characters 
of substances with which it is important for him to be familiar. 
In the process of poling copper, for example, small portions 
of metal are taken out of the furnace at short intervals, until 
it presents certain specific np))earances which indicate the con- 
dition of the copper, and the period when it is necessary to 
arrest the operation. In the smelting of iron also, certain 
appearances of the slag furnish characteristic indications of the 
working condition of the furnace. But these appearances must 
be seen to be understood. 

The museum, I am liapjiy t^ state, already possesses a metal- 
lurgical collection of considerable value, and which will, I trust, 
at no distant period become one of the most perfect in Eurojie. 
The illustrations of the princijial metallurgical processes of this 
counti7 as the smelting of iron, copper, lead, and tin, and the 
manufacture cf steel, are very satisfactory. The foreign collec- 
tion is r^idly increasing, and will be found of great practical 
utility to those who direct metallurgical establishmentsL Indeed I 
know that many gentlemen connected witii such establishments 
have visited the muBemn» and expressed their appreciation of the 
important practical hearing, (Specially of the foreign collection. 

L 
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I may be permitted to add, that in additioa to the collection 
aminged in the museum, I shall be able toiUustrate the tectures 
by an extensive series of specimens vhidi I have myself been 

engaged in forming during the last twelve years. This collec- 
tion contains numerous examples of the defects which occur 
from time to time in the working of certiiin metak, and wliich 
fr( quenily de}>eii(l upon the presence of foreign bodies in minute 
proi)(»rti(»n which have escaped detection by the smelter. 

In rc^jn^ard to models, the metallurgical department of the 
museum is also in a promising condition. The metaliuT Lnst on 
visiting the model-room ivill observe that the metalimgical 
models have not been constructed for the purpose of amusing the 
casual spectator, but of instructing <lie student. Each will be 
found to possess some special feature of interest in relation to 
practice. The collection comprises models of various furnaces, 
of a blast-engine, a very beautiful and complete model of the 
steel works of Messrs. Naylor, Yiekers, and Co., munificently 
presented fay them to the Institution, &c. ; and to these may be 
added apparatus used in assaying, including that of Gray-Lussae 
for assaying silver, (now adopted at most of the continental 
mints), crucibles, and other metallurgical instruments. ^ 

Having explained the nature of the instruction which I pro- 
pose to impart in this Institution, I may in a few words state 
what I do not pretend to teach. I do not pretend to teach prac- 
tical smelting, or that knowle<lge which can only proi)erly ))o 
acquii-ed by experience in the manufactory. But T do hojKJ to 
be able to cominunicate information to the student which he 
will be able to apply witli o-roat advantaore wlien. at a fiiture 
period, he may be engu<^ed in i\\v [m actice of metallurfry on the 
great scale, by which he will be prevented from the commission 
of blunders such as 1 have mentioned, and be placed in the best 
possible condition for effecting some of the many desirable im- 
provements in metallurgical processes. 

It will doubtless have been remarked, throughout this intro^ 
ductoty discourse, that I have considered the subject of instruc- 
tion in metallurgy exclusively in relation to practice^ or in other 
words, to speak plainly, in a pounds-shillings-and-peiice point of 
view. I have done so for spedal reasons. Tlds Institution 
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professes to be a School of Mides, the chief object of which 
should be to render science subservient to manufaeturing art; 
or, what is equivalent, disguise it by words as we may, to make 
science remuuerative. Our practical metallurgists may be men 
of krge hearts and philanthropic views respecting the application 
of science to the benefit of man ; but if wc wish to urge upon 
them the importance of combining scientific with practical 
knowledp^e, we must demonstrate that that combination will 
be of peciuiiary advantage to themselves. What care they, 
if deficient of a ta.ste for science, about any novel and in- 
genious application, if it cannot be made a source of protit? 
What inducement can they have for investing capital to carry 
into practice an invention, however beautiful and attractive in a 
scientific point of view, apart from the consideration of gain? If 
we address men of business on the applications of science^ we 
must take the business view of the matter ; and, as from the 
▼ery nature of my subject, I must be supposed to be speaking to 
men who either are or may become interested in metalliixgical 
establishments, I have felt it incumbent upon me to speak as 
J have done. 

But let it not be imagined that the study of metalliu-gy has 
no attracti<»i9 for ibe man of science: so far from that being 
tnie, it is a study abounding in problems of great scientific 

interest, and aflfoiding amyde scope for the exercise of the 
liighest i)o\vers uf research; and while the lover of abstract 
science will discover in it much to reward his attention, to the 
man who delights in the nj^filication of science to the useful 
purposes of life it present'^ ]>( ( uliar charms. To the antifjiniriau 
also it will oflcn lu- lound to render good service; for, as the 
working of nietais tlates from the earliest period of man's history, 
the remains of ancient furnaces and the products of ancient 
metallurgical skill not unfrequently become the subjects of 
archaeological inquiry. It is interesting, moreover, to trace 
the history of the metallurgic art, and to note how the rude and 
laborious processes of former times have graduaUy acquired the 
4narvellous devebpment which we observe in Europe at the 
•present day. In order to form a vivid conception of this pro- 
gress, we have only to witness the Hindoos toiling laboriously 
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at their bellows made of skin,' to extract a few pounds of Iron 
from their little furmice, scarcely larger than aehimnejr-pot, and 
then to direct our attention to the gigantic blast-fiimaoe of 
modern tiuies, iir*^ed by a blast-engine, requiring for its move- 
ment the equivalent in steam-power of a liuniired horses, and 
yielding upwards of two hundred tons of iron a week. 

As the character of this discourse is essentially i)ractieal, I 
.^luMiM w het'oro eonelnding, to guard myself from the ini})u- 
tation of under vuiuing knowledge wlici lu r literary or scientitic, 
which appears to have no direct practical bcaiiiig. It would be 
furthest from my intention to utter a word in disparagement either 
of polite literature or abstract science. In this utilitarian age 
there is a danger of forgetting that the human mind is destined 
for a higher purpose tlmn tlmt of being wholly absorbed in the 
material realities of life. There is no incompatibility between 
the pursuits which devate, refine, and delight our taste, and tlioee 
wLieh we. are called upon to follow, as well for our personal 
advantage as for the benefit of our race. In contemphittng the 
manrellous triumphs of human ingenuity at llie present epoch of 
unexampled progress, we should be careful not to depreciate 
unjustly the character of the education which we received in 
youth ; and we should bear in mind that, although that education 
may not have made us acquainted with natural objects and 
phenomena to the extent we might desii e, it lias } et been the 
means of subjecting the vnrions faculties of oui* minds to a most 
salutary ainl iiivi_u;(M*atinfj <li>( i|>liiie. 

In conclusion, [»erniit ine li* impress iij>on your attention that 
the chief object of the present discourse is to show the importance 
of sjxjcial scientific knowledge to the metallurgist ; and the 
l)roof, it w ill be borne in mind, rests chiefly upon the instances 
adduced in which the want of that knowledge has been shown 
t() have occasioned pecuniary loss. But if the proof be admitted 
to be satisfactory, it will then follow that the dilAision of such 
knowledge by public instruction must be of public advantage; 
for in proportion to the success with which the metallurgic art 
is practised ui this country will the interests of the whole 
Ix>pulation directly or indirectly in no inconsiderable degree be 
promoted. 



GOVERNMENT SCHOOL OF MINES, AND OF 
SCIENCE APPLIED TO THE AliTS. 



MUSEUM OF PRACTICAL GEOLOGY. 



TkiB importance of the Hlncnl Wealth of the United Kingdom iki 
exceeds that of any other European States and fiimishes fonr^mntha of the 

raw mineral produce derived from all Emope* Although the nnmial value 
of the mineral produce of this kingdom amounts to f 24,000,(XKJi and the 
i-nj)itul and labour employed in hi extraction and application represent a 
much larger sum, no scbool, having for its especial object the instruction of 
penons engaged in mining operations, has yet been established In the 
United Kingdom. 

Mining Schools have long existed in Tnaoe, Buana, Ftiiuia^ Saxonj* 

Austria, Spain, Sweden, Denmark, and other oountries even less connected 
wifli mining, and their practical value is recognized by tbc fact, that the 
rcispective Governments of these States have found it necessary to develope 
atill further the educational resources of such institutions. The want of 
•iiDflarestaliBaiiments in this country has long been felt in mining districts, 
and has been expreaaed both in Parliament ud in memorials addressed to 
the Government. In the Report of the Committee of tlie Home Lordfl^ 
(1849), the Committee obserre* that, ** among those best qualified to speak 
" upon this point, a want aj>pear8 to be felt of facilities for acquiring mining 
** education siu li as iirc provided by the miriin;i; schools and colleges estab' 
*• lishcd in the principal mining districts of the continent, apparently with 
** flio most beneficial eficcts.** Memorials have been presented from the 
principal mining districts of the kingdom, urging this wan^ and indicating 
the Museum of Practical Geology as the proper institution to he converted 
into a mining school. In consequenoe of these repre^i^ntations, and of the 
onlarj»emcnt of the ^Mnsctjm, the Government have determined to spply 
the rc^oiu'ce^ of the Li^titiition to public instruction in Miningi and in the 
applicatiutiM of science to tlie arts. 

The Collections of the Museum are now made available for edneational 
purposes. The laboratOTies and working rooms of the teveral departments 
arc so arranged and organised, that systematic studies in Chemistrj^ 
Metalluigy, Geology, Pabcontology, Physics, Mineralogy, and Mining, are 
given under tho direction of the officers: of the respective departments. 
'I iie Museum ita:lf i» of an ciHsentiaiiy practical character, and was primarily 
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intended to bring science to bear on geology in its application to the osefbl 
purposes of life ; itg offioers were selected with a view to carry oat tiio 

educational character of the institution, recognized Fhortlj after ita 
formation by an official letter of the Chief Commissioner of Her Jdi^estj'a 

W<i()il>^, and ♦•anrtioned hy the Lords of the Treasury. 

Tiie following is a U^t of the Officera entrusted with the courses of 
instrnction 

Presiuent— Sir ilENRY T. DE LA BEC IIE, C B , V U.S. 

CHEMISTRY, applied to (b^Arta aad Agri- 1 , nfj- nui^cDo 

cuhure . - - -/ ^yoH Plagfatr, Ph. D., P.R.S, 



NATURAL HISTORY, appUcd to Geology 
and th« Atta > . . . 



-* * ^9. .M - - W% 0 

ZWMVW Jrtrpmtf r, tv> & 



Bobert nunU KmIMT Of Mfa^ 

U^orda, 



UECH ANICAL SCIENCE, with ita app]!- 
catioii lo MlaiDg ... 
HBTALLUROT, with it* spaelal •ppUcatioM Man Ptrey, UD., P. R SL 

GEOLOGY, aiul 'it- [iractical upplicatlOlli - A.C.Jtamiay, F. R. S. 

MINING and MINEEALOOY • - WMagtam m Smgth, M,A^ F,G.&. 

TIic educational course of this School differs essentially from that given 
in colleges -wlierc {general education is the primary object. Altlioiigli it is 
intended to give fjcneral instruction in science to those who may require 
elementary knowledge, still, the cluet" object of the institution (to which 
everything else is made subsidiary) fa to give a practical direction to the 
bourse of study, so as to enable the student to enter with advantage upon 
the actual practice of mining, or of the arts which he may ^ called upon 
to conduct It may therefore be desirable to call attention to the peculiar 
features of the institution^ and to the courses of lectures given by the 
respective professors. 



The Museum. 

The Geological Survey of tlie Uuited Kingdom Ix'ing carried on in 
connexion with the Museum has ailbrdod great facilities for midting 
complete cdlections illuetratiTe of the applications of geology to the 
useful purposes of life. These ooUeetions contain an eztensiTe serieB of 
rocks atntigraphicaUy arranged, with reference to thdr mode of acca* 
mulatlon, and the subsequent action of various causes upon them ; of fossils 
classed in the onler of geological time ; of Hjx-cinien-' illuf^trative of tlie 
ores of the useful metals, of their mode of occurrence, and of the nu iliods 
of preparing thorn for smelting ; of mineral substances used fur coO' 
stnicting public works and buildings, and of lliose employed for ornamental 
purposes* or for the uselbl arts in connexion with chemical or metallnigical 
manufactures. The processes of converting these raw materials into 
industrial products arc carefully exhibited, and illustrations of the finished 
produets are also disjilayed. The various arts connected with the mineral 
resources of the country arc illustrated by specimens showing varieties or 
peculiar excellencies of manufacture. 

Models of Mines, Mining Tools, and Working Models of Mining 
]\Iachinery are collected, with the view of exhibiting the various modes of 
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woridng ctrried on in difibrent districts. The Museuin b open to the 
public for the first fhree Akjs of the wisek, the remniDiDg dsjrs being 
veserred for studj. 

Geologk'ai, Surveys. 

The Gcologioftl Surveys of tlic United Kingdom are carried on under 
the general direction of JSiu II. T. Di: la llErnE, and their central oflicp is 
at the Museuin. In this office the inujts and .sections are prepared and 
deposited. Tlio iield surveys are carried on in the loealitics under 
exsamifttion for the time bein^ and instructioii in tl(e field in the viriou 
depvtments of Geobgicnl Surveying is given bj the Mining, the Gedlogienl^ 
and the Fslisontologieel Frofesson. 

Officb of Minino R10O8D& 

This office, siiperintentle<l by Mb. Robert Hunt, is cstabLighed for the 
preservation of Mining Iteeords. The absence of these neetlful documents 
was found to be the cause of much wastes either in attempts to work in 
localities where there is little prospect of success^ or where from a want of 
proper knowledge of the old workings much nseless expenditure is incurred. 
Kumerous copies of plans and sections of mines, and many important 
statistical mining details, are deposited in this office^ and are made available 
for the instruction of students. 

Laboratories. 

Two laboratories, one for *!roneral, practical, nTifl nnnlylical Chemistry, 
under Dn. Lyon Playi Aif!, tfie other for Metaliur;iy and Assaying, under 
Dr. Pku( V, are establiMhed in ilie Museum. StudeuU* are, under certain 
regulationci, Hdinitteii into the Laboratories for, the purpotsc of receiving 
instruetion in the analysis of minerals and oxtM^ and of the m e thods used 
in applying them to useful purposes in the arts. 

Unless the student has already become acquainted with Practical Cher 
miatry, it is requisite to pass through the Chenucal laboratory befoi-e 
entering that for M(>tallur;iy, the latter requires previous ^Kfrnii^i^l 
knowledge before its study can be usefully entered upon. 

PALiEONTOLOGICAL DEPARTMENT. 

As the relative age and sequence of geological format ion? nre, to a great 
extent, determined by the fossils they contain, it has been found necessary, 
in the prosecution of the Geological Survey, to attach a department of 
Natural ffistory, under the direction of Pbofessos £. Forbes, where the 
organic remains eontained in the sedimentary rocks of the British Idands 
may be examined and preserved. Extensive collections of these fosnls are 
now made and arranged, and are used for the instruction of students. 



i^iyui^u^ Ly Google 



d 



RSGULATIONS AS TO ADMISSION. 

Pteraons desirous of entering as matriculated students, with a view of 
eventually obtaining the fliplntna of the Iti-ttdition, must at least 16 
yoars of age, and will bo requiretl to bring certificates or other evidence of 
their having received a sufficient preliminary education. They shall pay 
ihirtjf pounds in one sum on entrance, or two annual payments of twaUy 
pommtUeaeh, for admiasioii to all the eoanoB of lecturoB »toiidiiig over two 
y«MM»ttid Held iiutnictioiM, acoording to the legtiktions of tha Laatitatioo, 
and shall have the privilege of studying in the Museum and Library. 

The charge for instruction in the laboratories (which U not incliiflcfl in 
the above) is thirty pounds for the 8e84^ion of ten mouths, or Jifteen pound* 
for the term of five months. The laboratories are open to occasional as weU 
ae Boatriculated students. 

Oeeaaionail atudents are admitted to the lectures on paymeat of font 
jMNMMfr for each eouzse of above 80 lectorety poumb for the 

course of 30 and under. 

Officers of the Army and Navy, either in the Queen's or the Honourable 
East India Company's Service, as also managers and agents of mines (upon 
certificate from a magistrate of the county in which the mines are situated, 
thai they are so occupied)^ are admitted to the lectures at half these 
dwigea. 

Field instruction in Geo1ogj> WmnlogXf and Fklvontology will ha 
given to ft limited number of oeeaaiooal studmt^ at a charge niJSvepomtub 
per month, 

EzBraniONSL 

His Boyal Highness Prince Albert has intimated that His Royal High' 
ness the FHnce <tf Wales has grantedto the School of Mines tiro annnal 
exhibitions of thirty pounds each, to be held for two years, and to be called 

«' The Duke of Cornwall's Exhibitions." These will be competed for by 
examinations of the matriculated students, at the termination of titeir 
first year's course. 



Particulars respecting the times of Lectui*ei^ and all other iDformation» 
maybe obtained by application to Mr. Tssnham Bnnu^ at the Museum 
of F^raetical Gedogy, 28^ Jermyii Street. 
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